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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction 

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that will result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposals presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for 

nonresidential and multifamily outdoor lighting sources. The report contains pertinent 

information supporting the code change. 

Measure Description 

Proposed Submeasure History 

The nonresidential lighting zone reclassification proposed submeasure is based on a 

joint recommendation by the International Dark-Sky Association (IDA) and the 

Illuminating Engineering Society (IES) to lower outdoor lighting use levels and aims to 

protect the environment and reduce unnecessary outdoor lighting energy use. Five 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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lighting zones (LZ0-LZ4) are currently defined in Title 24, Part 6 by using the definitions 

of rural and urban areas in United States (U.S.) Census. This method has resulted in 

the misclassification and subsequent over lighting of much of the state. Several cities 

nationwide have already adopted lighting zone classifications lower than what current 

code requires, including: Malibu, California; Los Angeles County, California; San Jose, 

California; and Plymouth, Minnesota. 

A recent addendum to IES RP-8-18 (previously published as IES RP-20-14), based in 

part on research by the Virginia Tech Transportation Institute (VTTI), indicates that 

visibility improvements in parking lots plateau at lower light levels than those 

recommended in IES RP-8-18 (Bhagavathula and Gibbons 2019). The proposed 

changes to the lighting power allowances (LPAs) for general hardscape applications 

would realign the code language with IES RP-8-18 Chapter 17 Addendum 1.  

The multifamily outdoor LPAs submeasure develops several new code sections that 

would be placed in the multifamily chapter of code being proposed for the Multifamily 

Chapter Restructuring Final CASE Report.1 This new chapter is intended only for the 

multifamily building type and carves this section of coverage away from the current 

nonresidential chapters of Title 24, Part 6. This measure addresses outdoor lighting 

needs of multifamily housing and creates limits for outdoor lighting that are more 

appropriate for residential conditions that are associated with multifamily housing. 

Proposed Code Change 

All submeasures proposed in this report are intended to be applied through the 

prescriptive approach to compliance and apply to new construction in California. The 

nonresidential submeasures also apply to alterations, and additions in California. It 

should be noted that the determination of lighting zones is found in Section 10-114. 

However, lighting zones determine which LPAs are applicable, so the Statewide CASE 

Team still considers this as affecting prescriptive requirements. Both the nonresidential 

lighting zone reclassification and LPAs for general hardscape submeasures apply to 

nonresidential buildings only. The multifamily outdoor LPAs submeasure applies to 

multifamily properties, including those with mixed-use spaces contained within. 

The Statewide CASE Team is proposing a lighting zone reclassification that aligns the 

Statewide default location definitions with the IES/IDA Model Lighting Ordinance land-

use based lighting zone classifications. This submeasure continues to use the 2010 

U.S. Census population density mapping for the lighting zone determination with a 

 

1 More information on the Multifamily Chapter Restructuring Final CASE Report can be found here: 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/ 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/
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revision that would update rural classifications as lighting zone 1 and add urban clusters 

as the default classification for lighting zone 2. 

The general hardscape LPAs are proposed to be revised to align with the IES RP-8-18 

Chapter 17 addendum 1. The concrete and asphalt surface distinction would be 

removed and these LPAs would be reduced to align with the lighting levels IES now 

recommends for parking lots and general hardscape applications. A new allowance for 

security cameras is proposed to address stakeholdersô concerns for general hardscape 

areas with security needs. 

The multifamily outdoor LPA submeasure develops several new code sections that 

would be placed in the proposed multifamily chapter of code. This measure addresses 

outdoor lighting needs of multifamily housing and creates limits for outdoor lighting that 

are more appropriate for residential conditions that are associated with multifamily 

housing. 

Scope of Code Change Proposal 

Table 1 summarizes the scope of the proposed changes and which sections of 

Standards, Reference Appendices, Alternative Calculation Method (ACM) Reference 

Manual, and compliance documents that would be modified as a result of the proposed 

changes. 

Table 1: Scope of Code Change Proposal 

Measure Name Type of 
Requirement 

Modified 
Section(s) 
of Title 24, 
Part 6 

Modified 
Title 24, 
Part 6 
Appendices 

Would 
Compliance 
Software 
Be Modified 

Modified 
Compliance 
Document(s) 

Nonresidential 
Lighting Zone 
Reclassification 

Administrative 10-114 N/A No N/A 

Nonresidential 
Lighting Power 
Allowances for 
General 
Hardscapes 

Prescriptive 100.1, 
140.7 

N/A No NRCC-LTO-E 

Multifamily 
Outdoor 
Lighting Power 
Allowances 

Mandatory 
and 
Prescriptive 

130.2, 
140.7 
(revised and 
renumbered 
to be unique 
for 
multifamily) 

N/A No NRCC-LTO-E 

(revised and 
renumbered 
to be unique 
for 
multifamily) 
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Market Analysis and Regulatory Assessment 

The proposed code changes in this document are based on an analysis of LED 

luminaires currently available on the market. The Statewide CASE Team studied 119 

different LED products from 58 different manufacturers to develop the LPA adjustments 

for general hardscape and multifamily. LED lighting technology has significantly 

advanced within the last decade and is expected to have a 99 percent adoption by 2023 

(Goebes 2018). 

Due to stakeholder comments about security concerns in general hardscape 

applications, an additional allowance has been added for security cameras. This adder 

would allow higher lighting levels for general hardscape applications than those 

recommended in IES RP-8-18 Addendum 1 and the tenth edition of the IES Handbook. 

This allowance for higher lighting levels is intended to increase the sense of safety 

within the space while ensuring that cameras installed in the 2022 code cycle will have 

sufficient light to identify colors during nighttime hours.  

The statewide lighting zone default locations would be updated in Title 24, Part 6 

Section 10-114 to align with the IES and IDA lighting zone definitions listed in the Model 

lighting Ordinance (MLO). In addition, Title 24, Part 6 Section 140.7 would also include 

LPAs for multifamily dwellings. 

Cost Effectiveness  

The proposed code changes in this document were found to be cost effective for all 

climate zones where they are expected to be required. The benefit-to-cost (B/C) ratio 

compares the benefits or cost savings to the costs over the 15-year period of analysis. 

Proposed code changes that have a B/C ratio of 1.0 or greater are cost effective. The 

larger the B/C ratio, the faster the measure pays for itself from energy cost savings.  

Lighting zone reclassification: The B/C ratio for this measure is 1.0 since 

reclassifying the lighting zones to lower lighting zones results in energy savings. See 

Section 5 for the methodology, assumptions, and results of the cost-effectiveness 

analysis.  

General hardscape LPAs: The B/C ratio for this measure is 1.0 since less lighting 

equipment is necessary to meet IES RP-8-18 Addendum 1. See Section 5 for the 

methodology, assumptions, and results of the cost-effectiveness analysis. 

Multifamily LPAs: The B/C ratio for this measure is 1.0. See Section 5 for the 

methodology, assumptions, and results of the cost-effectiveness analysis. 
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Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

Table 2 presents the estimated energy and demand impacts of the proposed code 

change that would be realized statewide during the first 12 months that the 2022 Title 

24, Part 6 requirements are in effect. First-year statewide energy impacts are 

represented by the following metrics: electricity savings in gigawatt-hours per year 

(GWh/yr), peak electrical demand reduction in megawatts (MW), natural gas savings in 

million therms per year (MMTherms/yr), and time dependent valuation (TDV) energy 

savings in kilo British thermal units per year (TDV kBtu/yr). See Section b for more 

details on the first-year statewide impacts calculated by the Statewide CASE Team. 

Section 4 contains details on the per-unit energy savings calculated by the Statewide 

CASE Team.  

Table 2: First-Year Statewide Energy and Impacts  

Measure 

 

Electricity 
Savings 

(GWh/yr) 

Peak Electrical 
Demand 
Reduction 

(MW) 

Natural Gas 
Savings 

(MMTherms/
yr) 

TDV Energy 
Savings 

(TDV kBtu/yr) 

LZ 
Reclassification 
(Total) 

2.82 0.45 N/A 85,398,407 

New Construction 0.69 0.11 N/A 20,907,735 

Additions and 
Alterations 

2.13 0.34 N/A 64,490,672 

General 
Hardscape LPAs 
(Total) 

24.30 3.11 N/A 725,628,010 

New Construction 5.91 0.76 N/A 176,358,096 

Additions and 
Alterations 

18.40 2.35 N/A 549,269,914 

Multifamily 
(Total) 

11.75 2.29 N/A 373,237,000 

New Construction 2.28 0.45 N/A 72,514,000 

Additions and 
Alterations 

9.47 1.85 N/A 300,722,000 

Table 3 presents the estimated avoided greenhouse gas (GHG) emissions associated 

with the proposed code change for the first year the standards are in effect. Avoided 

GHG emissions are measured in metric tons of carbon dioxide equivalent (metric tons 

CO2e). Assumptions used in developing the GHG savings are provided in Section 6.2 

and Appendix C of this report. The monetary value of avoided GHG emissions is 

included in TDV cost factors and is thus included in the cost-effectiveness analysis.  
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Table 3: First-Year Statewide GHG Emissions Impacts 

Measure Avoided GHG Emissions 

(Metric Tons CO2e/yr) 

Monetary Value of 
Avoided GHG Emissions 

($2023) 

Lighting Zone 
Reclassification 

676.9 71,751 

General Hardscape 
LPAs 

5,841.5 619,199 

Multifamily 2,812.7 298,146 

Total 9,331.1 989,097 

Water and Water Quality Impacts 

The proposed measure is not expected to have any impacts on water use or water 

quality, excluding impacts that occur at power plants. 

Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. The compliance process is described in Section 2.5. 

Impacts that the proposed measure would have on market actors is described in 

Section 3 and Appendix E. Access to measure updates education and information 

pertaining to updated lighting zones would be needed for successful compliance and 

enforcement. 

Field Verification and Acceptance Testing 

No new field verification or acceptance tests beyond those that currently exist would be 

required, and there are no new system or technology requirements proposed. 
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1. Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that will result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposal presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for 

nonresidential outdoor lighting sources. The report contains pertinent information 

supporting the code change. 

When developing the code change proposal and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including city planners/officials, building officials, manufacturers, lighting 

industry associations, lighting designers, energy code analysts, builders, utility incentive 

program managers, and others involved in the code compliance process. The proposal 

incorporates feedback received during a public stakeholder workshop that the Statewide 

CASE Team held on September 5, 2019, and March 3, 2020. 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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The following is a brief summary of the contents of this report:  

¶ Section 2 ï Measure Description of this CASE Report provides information on 
the proposal. This section also presents a detailed description of how this code 
change is accomplished in the various sections and documents that make up the 
Title 24, Part 6 Standards. 

¶ Section 3 ï In addition to the Market Analysis, this section includes a review of 
the current market structure. Section 3.2 describes the feasibility issues 
associated with the code change, including whether the proposed measure 
overlaps or conflicts with other portions of the building standards, such as fire, 
seismic, and other safety standards, and whether technical, compliance, or 
enforceability challenges exist.  

¶ Section 4 ï Energy Savings presents the per-unit energy, demand reduction, and 
energy cost savings associated with the proposed code change. This section 
also describes the methodology that the Statewide CASE Team used to estimate 
per-unit energy, demand reduction, and energy cost savings. 

¶ Section 5 ï This section includes a discussion and presents analysis of the 
materials and labor required to implement the measure and a quantification of 
the incremental cost. It also includes estimates of incremental maintenance 
costs, i.e., equipment lifetime and various periodic costs associated with 
replacement and maintenance during the period of analysis.  

¶ Section 6 ï First-Year Statewide Impacts presents the statewide energy savings 
and environmental impacts of the proposed code change for the first year after 
the 2022 code takes effect. This includes the amount of energy that would be 
saved by California building owners and tenants and impacts (increases or 
reductions) on material. Statewide water consumption impacts are also reported 
in this section. 

¶ Section 7 ï Proposed Revisions to Code Language concludes the report with 
specific recommendations with strikeout (deletions) and underlined (additions) 
language for the Standards, Reference Appendices, Alternative Calculation 
Manual (ACM) Reference Manual, Compliance Manual, and compliance 
documents.  

¶ Section 8 ï Bibliography presents the resources that the Statewide CASE Team 
used when developing this report. 

¶ Appendix A: Statewide Savings Methodology presents the methodology and 
assumptions used to calculate statewide energy impacts. 

¶ Appendix B: Embedded Electricity in Water Methodology presents the 
methodology and assumptions used to calculate the electricity embedded in 
water use (e.g., electricity used to draw, move, or treat water) and the energy 
savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the assumptions 
used to calculate impacts on GHG emissions and water use and quality. 
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¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 
Specification presents relevant proposed changes to the compliance software (if 
any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 
recommended compliance process could impact identified market actors. 

¶ Appendix F: Summary of Stakeholder Engagement documents the efforts made 
to collaborate with market actors and experts. 

¶ Appendix G: Multifamily Light and Health Topics documents how the proposed 
submeasure would reduce the impact that light at night has on occupant health. 

¶ Appendix H: Multifamily Prototype Characterization documents how the 
multifamily outdoor lighting savings calculations are made to translate the NR 
code to MF-specific limits and also to project the savings state-wide. 

¶ Appendix I: Multifamily Calculation Approach documents the methodology and 
results for calculations in the multifamily general hardscape lighting power 
allowance submeasure. 

¶ Appendix J: Lighting Zone Calculations documents the calculations for the 
lighting zone reclassification submeasure. 

¶ Appendix K: General Hardscape Lighting Power Allowance Calculations 
documents the calculations for the general hardscape LPA submeasure. 

¶ Appendix L: Mapping of IES Criteria documents the special application LPAs to 
the recommended IES lighting levels. 

¶ Appendix M: Nonresidential Use Schedules lists the nonresidential lighting 
scheduled used to develop the nominal and PV TDV values. 

¶ Appendix N: Nominal Cost Savings Tables are included in this section until the 
2022 TDV values are released by the Energy Commission. 

¶ Appendix O: Security Camera Technology documents how the proposed security 
camera additional allowance was developed and the lighting requirements for the 
products studied. 

¶ Appendix P: Ornamental Hardscape LED Conversion documents the analysis to 
develop the proposed equivalent LED wattage for the hardscape ornamental 
lighting wattage limit. 
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2. Measure Description  

2.1 Measure Overview 

2.1.1 Nonresidential Lighting Zone Reclassification 

The outdoor lighting zone reclassification measure is proposed to align the California 

lighting zones with current industry standards employed across North America. 

Currently, lighting zones in California are classified with a United States (U.S.) Census-

based approach which dictates lighting zones using the population-based classification 

of an area as "rural" or "urban". This has resulted in over lighting many areas throughout 

the state. There are five lighting zones: 

¶ Lighting Zone 0 (LZ0): Includes undeveloped areas with essentially no artificial 
lighting. 

¶ Lighting Zone 1 (LZ1): Includes developed portions of government designated 
parks, recreation areas, and wildlife preserves. 

¶ Lighting Zone 2 (LZ2): Is defined as ñruralò areas. 

¶ Lighting Zone 3 (LZ3): Is defined as ñurbanò areas. 

¶ Lighting Zone 4 (LZ4): Includes areas with maximum artificial lighting such as 
Times Square in New York City. Currently, no areas within California fall under 
LZ4. 

This proposal revisits the current population-based approach and aims to provide more 

discretized lighting zone applications based on the U.S Census classifications; this 

would reduce energy use throughout California while minimizing sky glow2 and light 

trespass.3 Specifically, this proposal updates the lighting zone definitions to more 

closely match the Illuminating Engineering Societyôs (IES) lighting zone definitions. The 

updated definitions would still rely on population density, but would specifically shift 

ñruralò areas from LZ2 to LZ1: 

¶ LZ0: This is unchanged. 

¶ LZ1: Would still include developed portions of government designated parks, 
recreation areas, and wildlife preserves, but ñruralò areas previously part of LZ2 

 

2 Sky glow is additional brightness in the night sky as a result of light from upward facing electric light 

sources or reflections off airborne particulates. 

https://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/skyglow.asp 

3 Light trespass is the light from electric sources that is cast where it is unwanted, often due to improper 

luminaire placement or shielding. 

https://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightTrespass.asp 

https://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/skyglow.asp
https://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightTrespass.asp
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would now be included here, along with residential and agricultural areas. ñRuralò 
is defined as less than 2,500 people per square mile. 

¶ Lighting Zone 2 (LZ2): Was previously ñruralò areas but is now ñurban clusterò 
areas as well as mixed use residential, light commercial, and industrial areas. 
ñUrban clustersò are defined as areas with between 2,500 and 50,000 people per 
square mile. 

¶ Lighting Zone 3 (LZ3): is still defined as ñurbanò areas, but now specifically 
includes high intensity commercial, entertainment centers, and heavy industrial 
and manufacturing. ñUrbanò areas are defined as greater than 50,000 people per 
square mile. 

¶ Lighting Zone 4 (LZ4): This is unchanged. 

No change to the lighting power allowances (LPAs) associated with the current lighting 

zones have been proposed; this submeasure simply seeks to reclassify existing areas 

into more appropriate lighting zones.4 This proposed change, which would modify 

Section 10-114, would impact new construction and alterations and additions in 

California.  

A new section would be added to the nonresidential lighting compliance manual to 

document that luminaires installed on the project meet the backlight, uplight, and glare 

(BUG) rating requirements listed in Title 24, Part 11 (CALGreen). Luminaires installed 

within two mounting heights from the property line would be documented to confirm that 

they meet the CALGreen backlight and glare ratings based on their orientation towards 

the property lines. This would not result in additional field verification or acceptance 

tests beyond those that currently exist.  

2.1.2 Nonresidential Lighting Power Allowances for General Hardscape 

The LPAs for the general hardscape submeasure would update the existing prescriptive 

requirements for outdoor lighting and would impact new construction, alterations, and 

additions across California. This submeasure would update the general hardscape 

LPAs for areas affected by the light level recommendations in the latest version of the 

IES Recommended Practice (RP) 8-18 Addendum 1 to Chapter 17 (Illuminating 

Engineering Society 2020). This submeasure incorporates recent research that 

suggests task visibility plateaus at lower lighting levels than previously recommended, 

 

4 Compliance with Title 24, Part 6 includes mandatory, prescriptive, and performance pathways; certain 

sections in Title 24, Part 6 are mandatory to achieve compliance. For non-mandatory sections, users can 

choose to follow the performance or prescriptive pathway. Specifically, the prescriptive pathway has 

some flexibility, but essentially prescribes minimum performance and conditions that a building system 

must meet in order to comply. The performance pathway allows greater flexibility because users simply 

need to design a building that meets a certain energy budget. However, the performance pathway is not 

applicable to outdoor lighting. 
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which prompted IES to revise the parking lot lighting levels to align with those 

recommended by IES prior to the IES RP-20-14 publication (republished as ANSI/IES 

RP-8-18 Chapter 17),5 which increased the recommended lighting levels. The Statewide 

CASE Team is proposing to reduce the prescriptive exterior lighting LPAs to reflect the 

revised parking lot lighting level recommendations.  

This submeasure also reassesses the need to distinguish between asphalt and 

concrete surfaces, which currently have different LPA specifications in Title 24, Part 6. 

The pavement distinction is proposed to be removed from Table 140.7-A to simplify this 

code measure. The general hardscape LPAs would be updated to reflect luminaires 

available on the market at the time of analysis. No new field verification or acceptance 

tests beyond those that currently exist would be required, and the proposal would not 

result in new system or technology requirements.  

This submeasure includes a new lighting allowance for general hardscape applications 

with security cameras; this would allow for lighting levels in general hardscape 

applications to be increased to improve the sense of safety within the area. The 

allowance would also ensure that the minimum illumination requirements of a security 

camera with color detection capabilities can be achieved during non-occupied times 

when the lighting levels have been reduced per Title 24, Part 6, Section 130.2. Security 

camera technology, available in 2019 at the time of this analysis, is capable of 

functioning in low nighttime lighting conditions to identify people, animals, and objects of 

concern within the general hardscape area. The Statewide CASE Teamôs analysis 

found that the average cameras with color detection capabilities require an average of 

0.33 lux at 50 IRE F1.6, to properly identify colors during nighttime lighting levels. 

Cameras with black and white detection capabilities require less ambient lighting, while 

cameras with infrared detection do not require any additional lighting. Refer to Appendix 

O for more information on current security camera technology. 

The Statewide CASE Team is also proposing to update the legacy hardscape 

ornamental lighting 100-watt limit to 50 watts to align with the current LED baseline. 

The Statewide CASE Team is also proposing to replace the term ñcutoffò with ñshieldingò 

in Section 130.2(b). This is not a substantive update, but it is beneficial as it aligns code 

language with industry terminology.  

 

5 Parking lot lighting levels previously appeared in the IES RP-20 document and they were increased in 

RP-20-14. However, a recently published study concluded that those increased lighting levels were not 

beneficial which prompted IES to revise the parking lot lighting levels and reduce them to light levels that 

appeared in RP-20 documents prior to RP-20-14. Additionally, IES has compiled many of their 

recommended practices into one document, including the parking lot lighting levels. This new document is 

RP-8-18 and the Chapter 17 Addendum 1 includes the new, lower lighting levels for parking lots. 
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The ornamental hardscape special application listed in Table 140.7-B is proposed to be 

amended to reflect the 50-watt luminaire qualification incorporated in the 2019 Title 24, 

Part 6, Section 100.1 definition. 

2.1.3 Multifamily Outdoor Lighting Power Allowances  

The Energy Commission is considering consolidation of low-rise and high-rise 

multifamily requirements under a new multifamily section in 2022 Title 24, Part 6. The 

multifamily outdoor LPAs submeasure proposes new LPAs for several new code 

sections that would be placed in the multifamily chapter of code being proposed for the 

Multifamily Chapter Restructuring Final CASE Report. This submeasure creates limits 

for outdoor lighting that are more appropriate for circumstances and conditions 

associated with the residential nature of multifamily buildings. 

This proposal was developed using a similar method to previous nonresidential outdoor 

lighting code updates. The current nonresidential LPA requirements are used as a base 

case for the analyses. The 2019 nonresidential outdoor lighting power allowance CASE 

Study, which describes the methodology for the 2019 code cycle, is available on the 

Title24stakeholders.com website (Statewide CASE Team 2017). 

The proposed technology level used to establish the 2022 multifamily LPA values is 

based on luminaires that are cost effective at the time of the analysis. Costs are 

expected to continue to decline before the effective date of the standards. The efficacies 

of the products used to develop the 2019 LPAs have been updated for the applications 

that fall under the scope of Table 140.7-A and Table 140.7-B.  

Target illumination levels are based upon current IES RP documents recommended 

lighting levels that set light level guidelines for outdoor spaces and other industry 

standards for all target illuminance levels. The same recommend practice documents 

are employed for both the nonresidential and the multifamily general hardscape 

allowance calculations. Certain allowances that are currently included in Table 140.7-B 

are not included in the proposed multifamily allowance tables as the use of these 

additional allowances are incompatible with multifamily residential environments. 

This submeasure also makes a change to the setback requirements for outdoor lighting 

controls in Section 130.2 to match the IES recommendations for late-night setback 

design criteria. The current code was established with a 50 percent reduction, but the 

IES recommendations include a 60 percent reduction from the main criteria levels. This 

measure incorporates this 60 percent reduction. 

The submeasure also simplifies the LPA calculation approach by moving from a three-

factor method (area wattage allowance, perimeter wattage allowance, and initial 

wattage allowance) to a two-factor approach (area wattage allowance and initial 

wattage allowance). The removal of the perimeter wattage allowance reduces the 

documentation for the design and code compliance steps and would make the 

https://t24stakeholder.wpengine.com/wp-content/uploads/2017/09/2019-T24-CASE-Report_NR-Outdoor-Light-Sources_Final_September-2017.pdf
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calculation of the LPA easier and faster to complete. This modification would result in a 

substantial change in the allowance values included in the LPA table for general 

hardscape in Table 140.7-A, but would have no impact to the allowance values in the 

additional allowances Table 140.7-B. 

2.2 Measure History 

2.2.1 Nonresidential Lighting Zone Reclassification 

In 2011, the International Dark-Sky Association (IDA) and IES jointly published a Model 

Lighting Ordinance (MLO) (Illuminating Engineering Society and International Dark-Sky 

Association 2011). The Statewide CASE Team aims to align Title 24, Part 6 with this 

current industry standard for determining appropriate lighting levels for each outdoor 

application. This proposed submeasure aims to protect the environment through 

reduction in over lighting outdoor spaces, and reducing electricity used on outdoor 

lighting. 

The definitions of the current lighting zones and the associated LPAs were added to 

Title 24, Part 6 in the 2005 code cycle using a population-based approach for identifying 

lighting zones. At that time, four lighting zones (LZ1 through LZ4) were defined using 

the definitions of rural and urban areas in U.S. Census. An additional zone, LZ0, was 

added in the 2016 code cycle for nonlighted areas using the same population-based 

approach for identifying lighting zones. Lighting zone LPAs are based on the 

recommended lighting levels established in the IES 10th edition handbook (Illuminating 

Engineering Society 2011). These lighting levels are based on the ambient illumination 

of surrounding areas; higher lighting zones allow for more installed wattage with the 

intent that they fall within areas of brighter surroundings. For example, LZ0 has the 

lowest wattage allowance because it is intended to encompass areas with little to no 

artificial light, such as national parks. Likewise, LZ4 has the highest wattage allowance 

and is intended for areas with maximum artificial lighting, such as Times Square in New 

York City. Currently, no areas in California are classified as LZ4.  

Since the current definitions of lighting zones does not match the MLO, many spaces 

within California are in higher lighting zones than needed. These spaces tend to 

experience over lighting because the LPAs allow for higher light levels than needed for 

the specific spaces. For the 2022 code cycle, the Statewide CASE Team was interested 

in moving towards a land-use approach for the lighting zones due to benefits of 

reducing over lighting and electricity use. A land-use approach means the lighting zones 

would be chosen based on the specific activities that would occur in the area. For 

example, a residential neighborhood in a rural area has low light level needs versus a 

heavy commercial area or downtown area that requires high light levels to illuminate 

late night venues. The proposed approach is a more granular population-based 

approach that captures some of the benefits of a land-use approach, but ultimately is an 
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intermediate step. The Statewide CASE Team has chosen to continue with the 

population-based approach because a suitable approach for moving to a land-use 

approach has not been found for the 2022 code cycle. Specifically, the Statewide CASE 

Team explored developing a map that compiled municipal zoning requirements and 

using those zoning requirements as reference points for assigning areas to lighting 

zones. However, the Statewide CASE Team ran into several issues locating: 

¶ Comprehensive data that could effectively be used to connect lighting zones to 
land use characteristics. 

¶ Reliable and accurate data that would be easily accessible and understandable 
by local code officials. 

¶ A data source that would not require significant Energy Commission staff 
resources to maintain. 

The Statewide CASE Team still plans to pursue updating the lighting zones to be based 

on land-use for a future code cycle. Please see Section 2.5.1 for additional details on 

compliance and enforcement issues. 

The Statewide CASE Team decided to continue with the proposal to better align with 

the MLO and use a more granular population-based approach since this approach still 

provides significant energy savings and other non-energy benefits. While the shifts 

between lighting zones are expected to occur from LZ2 to LZ1, this still represents a 

significant decrease in over lighting, which helps mitigate sky glow. Similarly, there is a 

growing body of literature that points to blue-rich light at night disturbing circadian 

function in people in addition to animals. Even though the shift from LZ2 to LZ1 

represents a small portion of buildings (and therefore, people) in California, it is still a 

large step towards reducing exposure to blue-rich light at night.6 See Section 6.5 for 

additional information on non-energy benefits. 

2.2.2 Nonresidential Lighting Power Allowances for General Hardscape 

During the 2019 code cycle, the Statewide CASE Team proposed lowered LPAs based 

on increased efficiency in solid state technology, which was ultimately adopted in full by 

the Energy Commission (Statewide CASE Team 2018). During the 2019 code cycle the 

 

6 There are multiple strategies for reducing exposure to blue-rich light at night: moving towards light 

sources that have lower concentrations of blue light; examining the spectral power distribution of selected 

light sources to ensure lower blue light content at desired correlated color temperature (CCT) (related to 

first strategy); reducing time spent exposed to artificial light at night; and reducing the total amount of 

artificial light at night. Lowering lighting zones aligns with the last strategy since the shift to a lower 

lighting zone represents lower wattage and lower lumen output luminaires that align with IESôs lighting 

level recommendations for spaces with low ambient lighting levels, and therefore would reduce the overall 

lighting levels that people could be exposed to. 
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Statewide CASE Team also accounted for IESôs increased parking lot lighting 

recommendations and distinction between surface material. Since the 2019 code was 

adopted, IES RP-8-18 (previously published as IES RP-20-14) was updated to include 

research by the Virginia Tech Transportation Institute (VTTI) which found that visibility 

improvements in parking lots plateau at lower light levels than those recommended in 

IES RP-8-18 (Bhagavathula and Gibbons 2019). Due to this research, IES published an 

addendum to IES RP-8-18 Chapter 17 which decreased the recommended lighting 

levels by 60 percent for asphalt surfaces and 80 percent for concrete surfaces. These 

lower lighting level recommendations align with the legacy IES RP-20-98 lighting level 

recommendations. VTTIôs research also indicated that the difference in the light level 

requirements between asphalt and concrete surfaces in parking lots are insignificant. 

Therefore, this submeasure proposes to remove the distinction between pavement 

surfaces. This proposal would realign the code language with the 2013 Title 24, Part 6 

requirements by removing the distinction between concrete and asphalt. This change 

would also result in less complex code language ï something the Statewide CASE 

Team is aiming to accomplish across all proposed code changes for the 2022 code 

cycle to address stakeholdersô requests to simplify.  

The proposed general hardscape LPAs for the 2022 code cycle would reduce the 

general hardscape LPAs by approximately 20 percent. This reduction incorporates the 

60 percent to 80 percent parking lot lighting level reduction recommended by IES. The 

Statewide CASE Team is not proposing to reduce the additional allowances in Title 24, 

Part 6, Table 140.7-B which were developed with less efficacious, 3000K CCT LED light 

sources readily available in 2016. The proposed general hardscape LPAs would 

improve energy savings in California since less energy would be required to provide the 

illumination service recommended for parking lots. 

This submeasure also proposes including a new lighting allowance for general 

hardscape applications with security cameras. While the IES recommended parking lot 

lighting levels are conservative ï a minimum illumination requirement was established 

throughout the entire parking lot instead of the average illumination level published by 

VTTI ï these minimum illuminance recommendations do not account for security 

lighting levels. Security cameras in use in 2019 require higher lighting levels than those 

recommended by IES RP-8-18 Addendum 1 to identify people, animals, and objects of 

concern within the general hardscape area. Including an additional allowance for 

security cameras would ensure that current security camera technology can be applied 

in general hardscape areas with security concerns. 

During the 2019 code cycle the hardscape ornamental lighting definition was changed 

from a 100-watt limit to a 30-watt limit to align with the LED baseline. While this change 

was incorporated into 2019 Title 24, Part 6, Section 100.1, the change was not 

incorporated in the lighting allowances for Table 140.7-B. To resolve this discrepancy, 
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the Statewide CASE Team is proposing to update the wattage limit in Title 24, Part 6, 

Section 140.7 to the equivalent wattage of a LED luminaire. The Statewide CASE Team 

has expanded on the 2019 analysis to consider 35 different LED products that have 

equivalent initial luminaire lumen output of several 100-watt legacy light sources. These 

legacy light sources include pulse start metal halide, ceramic metal halide, and 

incandescent lamps. The proposed 50-watt limit for the LED baseline would be updated 

in both the hardscape ornamental definition in Section 100.1 and the lighting power 

allowances listed in Section 140.7. The analysis for the proposed 50 watts can be found 

in Appendix P. 

In addition to updating the LPA requirements, the Statewide CASE Team is 

recommending a language cleanup to replace the term ñcutoffò with ñshieldingò in 

Section 130.2(b). The purpose of this update is to align language with industry since 

IES has deprecated the use of ñcutoffò over 10 years ago. Additionally, the term 

ñshieldingò accounts for the backlight, uplight, and glare produced by a luminaire, 

whereas, ñcutoffò only accounts for uplight. Therefore, using the term ñshieldingò makes 

more sense for Section 130.2(b) because this section deals with Backlight, Uplight, and 

Glare (BUG) requirements. The Statewide CASE Team proposed to update this term 

during the 45-Day Language review of the 2019 code cycle, but language update came 

too late in the code cycle to be adopted.  

2.2.3 Multifamily Outdoor Lighting Power Allowances 

The multifamily outdoor LPA submeasure develops several new code sections that 

would be placed in the currently unnumbered multifamily chapter of code being 

proposed for the Multifamily Chapter Restructuring Final CASE Report. This new 

chapter is intended only for the multifamily building type and carves this section of 

coverage away from the current nonresidential chapters of Part 6. This submeasure 

addresses outdoor lighting needs of multifamily housing and creates limits for outdoor 

lighting that are more appropriate for circumstances and conditions that are associated 

with the residential nature of multifamily housing. 

For the circumstance of multi-use properties, the project would be required to meet the 

multifamily outdoor lighting code sections even if there are specifically nonresidential 

interior spaces in the building (that would be employing the nonresidential interior code 

sections for those spaces). There is no mixed-use circumstance where the 

nonresidential version of the outdoor lighting code section would apply within a single 

permitted project. For this reason, the multifamily outdoor lighting code section is 

identical in structure to the existing nonresidential code section and the primary 

changes are the elimination or modifications for certain allowances in Table 140.7-B 

that are incompatible with residential occupancy as they are currently included in the 

nonresidential section. An additional substantive change is the simplification of the 
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lighting allowance calculations to eliminate the Linear Wattage Allowance from the 

calculation process.  

The multifamily outdoor LPA submeasure has been part of the nonresidential outdoor 

lighting section until this code revision (unless the project was very small, in which case 

it may have been considered residential construction instead). 

2.3 Summary of Proposed Changes to Code Documents  

2.3.1 Summary of Changes to the Standards  

2.3.1.1 Summary of Changes to the Standards ï Nonresidential Lighting Zone 
Reclassification 

Section 10-114 ï Determination of Outdoor Lighting Zones and 

Administrative Rules for Use:  

The purpose of these changes is to amend Table 10-114-A statewide default 

locations to align with the MLO land-use classification. The current U.S. census 

urban classifications have been updated to provide more discrete lighting zones 

than those defined in the current óruralô classification for lighting zone 2 by 

reclassifying óruralô locations as lighting zone 1 and including a new classification 

for óurban clustersô to provide further distinction for the lighting zone 2 default 

locations. These changes are necessary to align the statewide default locations 

with current lighting standards to minimize confusion for users, while reducing 

over lighting in rural areas which can have adverse impacts on the local 

environment and uses more electricity than necessary. 

2.3.1.2 Summary of Changes to the Standards ï Nonresidential Lighting Power 
Allowances for General Hardscape 

Section 100.1(b) ï Definitions 

The purpose of these changes is to align the definitions with current industry 

standards and practices. The hardscape ornamental definition would be updated 

to a 50-watt limit to align with the wattage proposed for an LED baseline in 

Section 140.7. The wattage limit in these two sections was not aligned during the 

last code cycle which could cause confusion for users. The publication date for 

the referenced IES documentation will be removed to align with those published 

in the IES Online Library; this would clarify the definition of three IES documents 

(the Approved Method for the Electrical and Photometric Measurements of Solid-

State Lighting Products, the American National Standard Practice for Design and 

Maintenance of Roadway and Parking Facility Lighting, and the Luminaire 

Classification Systems for Outdoor Luminaires). A new definition for ñsecurity 

cameraò is proposed for the new allowance in Section 140.7. These changes are 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-LIGHT3-F | 29 

necessary to provide defensible definitions for the allowances listed in Section 

130.2 and Section 140.7. 

Section 130.2 ï Outdoor Lighting Controls and Equipment 

The purpose of this change is to amend Section 130.2(b) to use the term 

ñshieldingò instead of ñcutoffò to match industry language; ñshieldingò accounts for 

the backlight, uplight, and glare produced by the luminaire whereas, ñcutoffò only 

accounts for uplight. This change is necessary to align the code language with 

the luminaire requirements for backlight, uplight, and glare listed within this 

section. 

Section 140.7 ï Prescriptive Requirements for Outdoor Lighting 

The purpose of these changes is to amend Table 140.7-A to remove the 

asphalt/concrete surface distinction and lower LPAs according to the ANSI/IES 

RP-8-18 Chapter 17 Addendum 1. Table 140.7-B would be amended to reflect 

the 50-watt hardscape ornamental luminaire qualification defined in Section 

100.1 that aligns this section with the new LED baseline implemented during the 

2019 code cycle. A new special application allowance for security cameras is 

proposed for Table 140.7-B to ensure that the lower general hardscape LPAs in 

Table 140.7-A would not limit the operation of security cameras during nighttime 

hours. These changes are necessary to align the code with current industry 

design standards; the changes would also simplify the code for users by 

consolidating the LPA requirement for various surfaces and aligning this section 

with the definitions in Section 100.1.  

2.3.1.3 Summary of Changes to the Standards ï Multifamily Outdoor Lighting 
Power Allowances 

The Energy Commission is considering consolidation of low-rise and high-rise 

multifamily requirements under a new multifamily section(s) in 2022 Title 24, Part 

6. Restructuring the standards for multifamily building may also result in revisions 

to Reference Appendices, ACM Reference Manuals, compliance manuals, and 

compliance documents. Location and section numbering of the 2022 standards 

and supporting documents for multifamily buildings depend on the Energy 

Commissionôs approach to and acceptance of a unified multifamily section. For 

clarity and ease of review, the changes proposed in this CASE Report are 

demonstrated in terms of the 2019 structure and language. 

Section 130.2 ï Outdoor Lighting Controls and Equipment  

The purpose of these changes is to create a new version of existing 

nonresidential section in a currently unnumbered section dedicated to the 

multifamily building type. Additionally, this submeasure would change the 
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minimum light level setback requirements in Section 130.2(c)3A from 50 percent 

to 60 percent to match the late night low-activity values as established in the IES 

design recommendations handbook by the reduction in design criteria for late 

night parking lots, which is 60 percent for both horizontal illuminance and vertical 

illuminance. 

These changes are necessary to create a new multifamily outdoor lighting 

controls section that can be suitably tailored to the needs of multifamily housing 

moving int the future. The intent is to start with the current nonresidential code as 

the basis and only change those portions that are specifically needed to make it 

apply better for multifamily housing properties. 

Section 140.7 ï Prescriptive Requirements for Outdoor Lighting  

The purpose of these changes is to create a multifamily housing outdoor lighting 

section and to simplify the code specifically for multifamily housing projects so 

that the implementation is easier to achieve. The proposed requirements would 

create a new version of the existing nonresidential outdoor lighting section with 

edits dedicated to the multifamily building type. This submeasure would simplify 

the General Hardscape calculation procedure for multifamily building types and 

revise the allowances based on multifamily building type conditions by using a 

two-prong calculation method rather than the current three-prong approach in the 

current code. This is accomplished by eliminating the perimeter allowance from 

the calculation and revising the area and initial allowance values to 

accommodate the changes. 

Table 140.7-A requirements would be amended to remove the asphalt/concrete 

distinction and lower LPAs according to the ANSI/IES RP-8-18 Chapter 17 

Addendum 1. LPA values would also be modified based on the improvement of 

light source efficacy of LED sources. The proposed requirements would amend 

Table 140.7-B Hardscape Ornamental Lighting definition to reflect the new 50-

watt LED baseline and remove some of the ñAdditional Power Allowancesò in 

Table 140.7-B that permit very high light levels for select retail lighting 

applications. 

These changes are necessary because there are allowances in the 

nonresidential outdoor lighting section that are inappropriate for use in multifamily 

housing projects but there is no infrastructure in place to consider the suitability 

of these allowances in the existing code sections. The changes eliminate these 

allowances while still permitting all the applications that have been permitted, but 

with a possible difference in the total allowance for the site under certain 

circumstances based on the removed allowances in the tables. The creation of a 

multifamily section in the code permits this introduction of a different outdoor 
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lighting section that is specifically targeted to multifamily housing needs and 

conditions. 

2.3.2 Summary of Changes to the Reference Appendices 

The proposed code change would not modify the structure of Reference 

Appendices, but the thresholds for lighting setback must be updated in NA 7.8.8 

to show the correct level for MF housing. 

2.3.3 Summary of Changes to Nonresidential ACM Reference Manual  

The proposed code change would not modify the ACM Reference Manual. 

2.3.4 Summary of Changes to the Nonresidential Compliance Manual  

The proposed code change would modify the following section of the 

Nonresidential Compliance Manual:  

¶ Section 1.6 ï Mandatory Measures and Compliance Approaches ï The 
proposed multifamily outdoor LPA measure requires revisions to the existing 
section, or the creation of a new section for a Multifamily Compliance Manual, 
based on Section 1.6. If the proposal is accepted, the values in the examples and 
tables representing General Hardscape LPAs and Specific Application LPAs 
would be updated to reflect the different allowances associated with the 
multifamily building type 

¶ Section 6.3 ï Outdoor Lighting Zones ï This section would be updated to 
reflect the updated lighting zone definitions as well as default lighting zones. 
Luminaire BUG ratings would be added to the Compliance Manual for engineers 
and designers to document that the luminaires meet the CALGreen BUG ratings 
for luminaires installed within two mounting heights of the adjacent property lines. 

¶ Section 6.4 ï Mandatory Requirements ï This section would be updated to 
switch luminaire ñcutoffò requirements to luminaire ñshieldingò requirements per 
the updated language that aims to align with industry. 

¶ Section 6.5 ï Prescriptive Measures ï This section would be updated with the 
LPAs developed for General Hardscape. Likewise, the new security camera LPA 
would need to be inserted. This would likely be inserted into Section 6.5.2. 

See Section 7.5 of this report for the detailed proposed revisions to the text of the 

compliance manuals. 

2.3.5 Summary of Changes to Multifamily Compliance Documents  

The proposed code changes would modify the compliance documents listed below. 

Examples of the revised documents are presented in Section 7.6.  

¶ NRCC-LTO-E ï Section G (all measures) ï This section would change the term 
ñcutoffò to ñshieldedò to align with current industry standards. 
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¶ NRCC-LTO-E ï Section G (all measures) ï This section would create a new 
section (G2 or re-number the sections to accommodate) provide documentation 
that every fixture type on the property that is less than two mounting heights from 
the property line must be documented in Backlight and Glare ratings must be 
verified depending on the orientation. It would also check the conditions of each 
luminaire type that is nearest to the property line in this section. (for example: 
there is a Type A fixture and a Type A2 fixture, which has backlight control, but 
the Type A is only found in the internal portions of the site (greater than two 
mounting heights). The Type A does not need to be verified for the property line 
restrictions, but the Type A2 must be checked with a second verification for the 
fixture that is the nearest to the property line. If this fixture passes, then it meets 
the BUG limits.) 

¶ NRCC-LTO-01-E ï (nonresidential lighting zone reclassification 
submeasure) ï This section would revise this document to account for new 
lighting zone definitions.  

¶ NRCC-LTO-03-E ï (nonresidential lighting power allowances for general 
hardscape submeasure) ï This section would revise the document to account 
for updated LPAs for general hardscape and the additional wattage allowance 
per square foot of specific area for security cameras. 

¶ NRCC-LTO-E ï (multifamily outdoor LPA submeasure) ï This section would 
duplicate and revise this document to include proper references to the new 
multifamily standards, once numbered and ensure that all the proper values are 
set for the compliance calculations based on the multifamily code sections.  

¶ NRCC-LTO-E ï Section I (multifamily outdoor LPA submeasure) ï This 
section would revise the new multifamily compliance document to account for 
updated multifamily LPA values in Table 140.7-A General Hardscape for the 
change to a two-prong calculation approach and to update the document with 
correct code section cross-referencing. 

¶ NRCC-LTO-E ï Section J, K and L (multifamily outdoor LPA submeasure) ï 
This section would revise the new multifamily compliance document to account 
for updated new code sections for multifamily buildings. Eliminate all references 
to ñAdditional Allowancesò that are not permitted in the multifamily building type 
category. The existing nonresidential outdoor lighting compliance document 
(NRCC-LTO-E) would remain, but specific language should be inserted 
specifying that the document is not appropriate for multifamily building type 
projects. 

2.4 Regulatory Context 

2.4.1 Existing Requirements in the California Energy Code 

Exterior lighting power is already regulated in Title 24, Part 6. This code change 

increases stringency of existing exterior LPAs in Title 24, Part 6. Current requirements 

for lighting zone classification in Title 24, Part 6 exist in Section 10-114, which describes 
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the lighting zones defined in California and the classification methodology. LPAs for 

general hardscapes exist in Section 140.7 of Title 24, Part 6. Section 10-114 of Title 24, 

Part 6 applies to new construction, alterations and additions for both nonresidential and 

multifamily spaces. Section 140.7 of Title 24, Part 6 apply to new construction, 

alterations and additions for nonresidential spaces; the new multifamily section would 

similarly apply to the new construction, alterations and additions for multifamily spaces. 

These CASE proposal measures do not overlap with other CASE proposals during this 

code cycle. 

2.4.2 Relationship to Requirements in Other Parts of the California Building 
Code  

The California Green Building Standards (CALGreen, or Title 24, Part 11) includes 

mandatory BUG rating requirements. Products selected for installation must meet the 

BUG rating requirements for the location when the products are installed as specified in 

Table 5.106.8 of CALGreen. Title 24, Part 6 refers to the CALGreen requirements to 

help inform code users that they must adhere to requirements in CALGreen and Title 

24, Part 6. 

2.4.3 Relationship to Local, State, or Federal Laws 

There are existing Title 20 California Appliance Efficiency Regulations and federal 

standards for outdoor lighting products. This proposal does not set efficiency 

requirements for individual lighting products. Title 20 lighting measures do not overlap 

with these proposed measures other than to impact the minimum efficacy of some 

products that may be selected. 

Adjusting lighting zones has gained traction with a few municipalities both inside and 

outside of California. Specifically, the City of Malibu, California; San Jose, California; 

Los Angeles County, California; and Plymouth, Minnesota have all switched from higher 

to lower lighting zones.7 While this represents a small portion of cities and population, a 

few other municipalities, such as the City of Santa Cruz, California, are also considering 

a similar switch in lighting zones. 

2.4.4 Relationship to Industry Standards  

The proposed lighting zone reclassification more closely aligns the current lighting zone 

definitions with the recommendations from the IES/IDA MLO along with IES RP-33-14 

Lighting for Exterior Environments. 

The proposed nonresidential parking lot LPA values were developed using IES RP-8-18 

Chapter 17 Addendum 1 recommended light levels as the basis of design. Refer to 

 

7 More information can be found on each cityôs respective website. 
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Appendix L for the mapping of IES design criteria to the LPA allowance tables. The 

proposed parking lot lighting levels for nonresidential and multifamily measures also 

consider security camera technology requirements not described in IES RP-8-18 

Chapter 17. 

2.5 Compliance and Enforcement 

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and reduce negative impacts on 

market actors who are involved. This section describes how to comply with the 

proposed code change and the compliance verification process. Appendix E presents 

how the proposed changes could impact various market actors.  

The activities that need to occur during each phase of the project are described below:  

2.5.1 Nonresidential Lighting Zone Reclassification 

¶ Design Phase: Designers would still determine the applicable lighting zone 
based on the population density of the project area as defined by the 2010 U.S. 
Census, unless the local agency has defined alternative lighting zones 
classifications, in which case the local agencyôs lighting zone classifications shall 
take precedence. Users would be able to refer to the U.S. Census, in the same 
manner as the current code, to determine the population density of the project 
address.8 Changes would be made to the applicable compliance documents, but 
the same forms would still apply. The main change is areas defined as ñruralò 
would now be LZ1 instead of LZ2. LZ2 is now defined as ñurban clusterò areas. 

¶ Permit Application Phase: Plans examiners would still verify the lighting zone 
was correctly determined and wattage allowances comply with the revised 
requirements.  

¶ Construction Phase: Contractors would still verify that the installed lighting 
equipment complies with the lighting zone requirements in the same manner as 
the current code. 

 

8 The compliance manual outlines the process for determining lighting zones. A user simply needs to use 

the link provided in the compliance manual which directs them to U.S. Census data where they can input 

their address. Once the address has been inputted, the database tells the user whether they fall under a 

ñruralò or ñurbanò area which is their indicator of their specific lighting zone. The only substantive change 

being proposed by the Statewide CASE Team is the distinction that ñurban clusterò is for LZ2. The 

Statewide CASE Team does plan to update language in the compliance manual to note this as well as 

make the process easier to understand. The following is the link provided by the compliance manual to 

the U.S. Census database: https://ww2.energy.ca.gov/2018publications/CEC-400-2018-

018/chapters/06_OutdoorLighting.pdf 

https://ww2.energy.ca.gov/2018publications/CEC-400-2018-018/chapters/06_OutdoorLighting.pdf
https://ww2.energy.ca.gov/2018publications/CEC-400-2018-018/chapters/06_OutdoorLighting.pdf
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¶ Inspection Phase: Inspectors would still verify that the installed lighting 
equipment complies with the lighting zone requirements in the same manner as 
the current code. 

2.5.2 Nonresidential Lighting Power Allowances for General Hardscape 

¶ Design Phase: Lighting designers and energy consultants would use 
the appropriate lighting zone (determined from the population density of the 
project address) to calculate the applicable wattage allowance to design 
and document the outdoor lighting design as being compliant to code. There 
would no longer be different LPAs depending on whether the surface is asphalt 
or concrete, which reduces complexity and improves compliance by making it 
easier to select the appropriate LPA. Designers and consultants must verify if 
they are allotted the additional allowance for security cameras. 

¶ Permit Application Phase: Plans examiners would still verify the wattage 
allowances are complying with the revised requirements. 

¶ Construction Phase: Contractors would still verify that the installed lighting 
equipment complies with the LPA requirements in the same manner as the 
current code. 

¶ Inspection Phase:  Inspectors would still verify that the installed lighting 
equipment complies with the LPA requirements in the same manner as the 
current code. The proposed code change would require a security camera 
allowance to be included in the existing compliance documentation for the 
security camera LPA. The method of compliance verification and enforcement for 
this special category would not require changes. 

2.5.3 Multifamily Outdoor Lighting Power Allowances 

¶ Design Phase: Lighting designers and energy consultants would use 
the appropriate lighting zone as determined from the revised lighting zone 
classifications and the tables in Section 140.7 (to be renumbered for the new 
multifamily sections) to calculate the wattage allowance to design and document 
outdoor lighting design as being compliant to code. Similarly, the 
designers/energy consultants would consult Section 130.2 to design the outdoor 
lighting controls for the project. 

¶ Permit Application Phase: Plans examiners would still verify the wattage 
allowances comply with the new multifamily outdoor LPA requirements in the 
same manner as the current code. 

¶ Construction Phase: Contractors would still verify that the installed lighting 

equipment complies with the new multifamily outdoor LPA requirements in the 

same manner as the current code. 

¶ Inspection Phase: Inspectors would still verify that the installed lighting 
equipment complies with the lighting zone requirements in the same manner as 
the current code.  
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Appendix E presents a description of how the proposed code changes could impact 

various market actors. 
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3. Market Analysis 

3.1 Market Structure 

The Statewide CASE Team performed a market analysis with the goals of identifying 

current technology availability, current product availability, and market trends. It then 

considered how the proposed standard may impact the market in general as well as 

individual market actors. Information was gathered about the incremental cost of 

complying with the proposed measure. Estimates of market size and measure 

applicability were identified through research and outreach with stakeholders including 

utility program staff, Energy Commission staff, and a wide range of industry actors. In 

addition to conducting personalized outreach, the Statewide CASE Team discussed the 

current market structure and potential market barriers during public stakeholder 

meetings that the Statewide CASE Team held on September 5, 2019, and March 3, 

2020.  

3.2 Technical Feasibility, Market Availability, and Current Practices 

3.2.1 Nonresidential Lighting Zone Reclassification 

The Statewide CASE Team faced a number of challenges while trying to develop a 

methodology for using a land-use approach for the lighting zone update, including 

finding a comprehensive data source that is: reliable, easily accessible, and can 

effectively be used to connect lighting zones to land use characteristics. The original 

intent of the proposal was to fully connect lighting zones to land use, but the Statewide 

CASE Team pivoted to continue with a population-based approach due to these issues. 

Despite continuing with a population-based approach, the updated lighting zone 

definitions align with the MLO and easily allow for Title 24, Part 6 to be updated again 

for a land-use approach in a later code cycle. The Statewide CASE Team will continue 

researching for a way to implement a land-use approach. Please see more details in 

Section 2.2.1. 

The current lighting zone classifications defaults all ñruralò areas as LZ2 and all ñurbanò 

areas as LZ3. The proposed update switches these defaults to more closely align with 

the IES/IDA MLO so ñruralò would be LZ1, ñurban clustersò would be LZ2, and ñurbanò 

would be LZ3. Per Section 110-14, local jurisdictions can designate areas to a lower 

lighting zone without any size limit to align with the current MLO land-use definitions, but 

this requires a public process and detailed information needs to be submitted to the 

Energy Commission. This proposal automatically shifts some of the current LZ2 areas 

to LZ1 as well as updates the lighting zone definitions to align with the MLO land-use 

definitions. Local jurisdictions can also designate areas to a higher lighting zone, which 

requires the same public process for moving to a lower lighting zone. 
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The Statewide CASE Team expects there to be no technical feasibility challenges for 

lighting zone reclassification. Products from 58 different manufacturers were studied to 

ensure that products are currently available on the market and could meet the wattage 

requirements and other lighting needs for all lighting zones. Additionally, moving from 

higher to lower lighting zones represents a reduction in LPAs for areas encompassed 

within the lighting zone. Tables 140.7-A and 140.7-B in Title 24, Part 6 both split the 

LPAs for general hardscape and specific applications by lighting zone, with the lower 

lighting zones having lower LPAs and the higher lighting zones having higher LPAs. 

3.2.2 Lighting Power Allowances for General Hardscape 

Recent outdoor lighting market trends are showing that lower (warmer) correlated color 

temperatures (CCTs) are being installed in outdoor environments. These lower CCTs 

encompass 2700K CCT and 3000K CCT light sources, which are slightly less 

efficacious than their higher ñcoolerò counterparts (4000K CCT or greater). When 

completing the outdoor lighting analysis, the Statewide CASE Team only considered 

LED luminaires with either 3000K or 2700K CCT to ensure that the proposed LPA 

reductions can be met with less efficacious LED products. Most manufacturers provide 

lower CCTs with LED products by increasing the yellow phosphor coating over the blue 

LED pump, to convert the blue light source to a board band spectrum light source. As 

more phosphor is layered over a blue LED chip, the LED efficacy decreases. The 

Statewide CASE Team studied 49 different LED area lights that could be installed in a 

general hardscape area to ensure that the proposed LPAs could be met with products 

currently available. This code does not establish the use of specific color temperatures. 

The market continues to make incremental improvements in LED efficacy, LED board 

technology, optical design, driver capabilities, and cost reductions. This has led to LEDs 

quickly becoming the standard for many applications, with nearly full LED adoption (99 

percent) expected by 2023, and a very high 98 percent or greater of the market by 2020 

(Goebes 2018).  

Stakeholders have brought up concerns that the reduction of lighting levels for general 

hardscape applications could cause increased security concerns. An additional LPA has 

been proposed to ensure that increased lighting levels can be applied for areas with 

security concerns. Security cameras are being installed in many of these areas to 

monitor activity within the space. Current camera technology requires an average of 

0.33 lux at 50 IRE F1.6, within the cameraôs field of view for color identification, which is 

less light than minimum lighting level recommendations in IES RP-8-18. When the 

lighting level falls below those required for color detection, the cameras will capture 

images in black and white. Current camera technology is commonly equipped with 

infrared imaging which allows the camera to detect people, animals, and objects in the 

absence of exterior lighting. This additional LPA is for a specific application and 

therefore, has been added to Table 140.7-B. Stakeholders also noted that the general 
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hardscape LPA should be updated to account for general hardscape both with and 

without parking lots. The Statewide CASE Team agrees, however, this feedback was 

received shortly before the release of the Final CASE Report, so the Statewide CASE 

Team is considering this update for a proposal in a future code cycle.  

3.2.3 Multifamily Outdoor Lighting Power Allowances 

The lighting equipment used for multifamily outdoor lighting is identical to that used for 

nonresidential outdoor lighting in general, although there is typically a lower limit to 

normally specified wattage, pole heights, and other similar design aspects because the 

properties are commonly smaller and less commercial in function. 

Because there is a not a significant difference in the light source technology, the same 

conditions described above for the lighting power allowances for general hardscape 

(Section 3.2.2) applies for this submeasure as well. 

3.3 Market Impacts and Economic Assessments 

3.3.1 Impact on Builders 

Builders of residential and commercial structures are directly impacted by many of the 

measures proposed by the Statewide CASE Team for the 2022 code cycle. It is within 

the normal practices of these businesses to adjust their building practices to changes in 

building codes. When necessary, builders engage in continuing education and training 

in order to remain compliant with changes to design practices and building codes.  

Californiaôs construction industry is comprised of about 80,000 business establishments 

and 860,000 employees (see Table 4).9 In 2018, total payroll was $80 billion. Nearly 

60,000 of these business establishments and 420,000 employees are engaged in the 

residential building sector, while another 17,000 establishments and 344,000 

employees focus on the commercial sector. The remainder of establishments and 

employees work in industrial, utilities, infrastructure, and other heavy construction 

(industrial sector). 

 

9 Average total monthly employment in California in 2018 was 18.6 million; the construction industry 

represented 4.5 percent of 2018 employment. 
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Table 4: California Construction Industry, Establishments, Employment, and 
Payroll 

Construction Sectors Establishments Employment Annual 
Payroll  

(billions $) 

Commercial 17,273 343,513 $27.8 

 Commercial Building Construction 4,508 75,558 $6.9 

 Foundation, Structure, & Building Exterior 2,153 53,531 $3.7 

 Building Equipment Contractors 6,015 128,812 $10.9 

 Building Finishing Contractors 4,597 85,612 $6.2 

Source: (State of California, Employment Development Department n.d.) 

Table 5: Specific Subsectors of the California Commercial Building Industry 
Impacted by Proposed Change to Code/Standard 

Construction Subsector Establishments Employment Annual 
Payroll  

(billions $) 

Commercial Building Construction 4,508 75,558 $7.0 

 Nonresidential poured foundation 
contractors 504 14,917 $1.1 

 Nonresidential Masonry Contractors 254 5,121 $0.3 

Other Nonresidential exterior contractors 277 2,879 $0.2 

 Nonresidential Electrical Contractors 3,115 66,951 $5.6 

 Nonresidential plumbing and HVAC 
contractors 2,394 52,977 $4.5 

Other Nonresidential equipment contractors 506 8,884 $0.9 

 Nonresidential site preparation contractors 1,157 17,059 $1.3 

All other Nonresidential trade contractors 988 17,960 $1.4 

Source: (State of California, Employment Development Department n.d.) 

The lighting zone reclassification submeasure would require that builders familiarize 

themselves with the updated population density-based lighting zone classification 

specific to the area that the building is located within to ensure compliance with the 

mandatory backlight, uplight, and glare (BUG) ratings listed in Californiaôs mandatory 

green building standards, Title 24, Part 11 (otherwise known as CALGreen) Table 

5.106.8, for luminaires with 6,200 initial luminaire lumens or greater.10  

 

10 Table 5.106.8 in CALGreen can be found here: 

https://codes.iccsafe.org/content/CGBC2019P3/chapter-5-nonresidential-mandatory-measures 

https://codes.iccsafe.org/content/CGBC2019P3/chapter-5-nonresidential-mandatory-measures


 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-LIGHT3-F | 41 

The general hardscape LPA submeasure would require builders to apply the new LPA 

and consider the potential security camera adder for the general hardscape areas. The 

proposal includes a simplification in the LPAs by removing the surface material 

distinction for the general hardscape LPAs. 

The multifamily outdoor LPA submeasure would require multifamily builders to apply the 

new standards instead of the previously applied nonresidential outdoor LPA rules. The 

new multifamily standards are adapted from the existing nonresidential standards. The 

proposal includes a simplification in the calculation procedures, and the changes are 

expected to result in minimal negative impacts on builders. 

3.3.2 Impact on Building Designers and Energy Consultants 

Adjusting design practices to comply with changing building codes practices is within 

the normal practices of building designers. Building codes (including Title 24, Part 6) are 

typically updated on a three-year revision cycle and building designers and energy 

consultants engage in continuing education and training in order to remain compliant 

with changes to design practices and building codes.   

The lighting zone reclassification would require building designers to familiarize 

themselves with the updated population density-based lighting zone classification 

specific to the area that the building is located. Designers would be required to ensure 

luminaires with 6,200 initial luminaire lumens or greater comply with the BUG rating 

requirements for lower lighting zones that listed in CALGreen Table 5.106.8. 

The removal of asphalt and concrete pavement classifications within Table 140.7-A 

would simplify the code compliance documentation. Designers and energy consultants 

must ensure that each design meets the reduced LPAs in Table 140.7-A. 

The multifamily outdoor LPA submeasure would similarly remove the asphalt and 

concrete pavement classifications within the 2022 version of Table 140.7-A (currently 

unnumbered as it would be in the new section) to simplify the calculation and 

documentation of the allowance. Additionally, this measure would move to a two-factor 

LPA allowance calculation approach for General Hardscape, which would further lower 

the complexity of the calculations. 

There is not a North American Industry Classification System (NAICS)11 code specific 

for energy consultants. Instead, businesses that focus on consulting related to building 

 

11 NAICS is the standard used by federal statistical agencies in classifying business establishments for 

the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy. 

NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics 

Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of 
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energy efficiency are contained in the Building Inspection Services sector (NAICS 

541350), which is comprised of firms primarily engaged in the physical inspection of 

residential and nonresidential buildings.12 It is not possible to determine which business 

establishments within the Building Inspection Services sector are focused on energy 

efficiency consulting. The information shown in Table 6 provides an upper bound 

indication of the size of this sector in California.  

Table 6: California Building Designer and Energy Consultant Sectors 

Sector Establishments Employment Annual 
Payroll  

(billions $) 

Architectural 
Services a 3,704 29,611 $2.9 

Building Inspection 
Services b 824 3,145 $0.2 

Source: (State of California, Employment Development Department n.d.) 

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged 
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and 
structures;  

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily 
engaged in providing building (residential & nonresidential) inspection services encompassing all 
aspects of the building structure and component systems, including energy efficiency inspection 
services. 

3.3.3 Impact on Occupational Safety and Health 

The recommended parking lot lighting level reduction established in IES RP-8-18 

Chapter 17 Addendum 1 is not intended for parking lots with a need for higher security 

lighting levels. To ensure that parking lots with security concerns ï such as hospitals, 

law enforcement facilities, or other facilities with additional security concerns that 

require camera technology capable of facial identification within the hardscape area ï 

can install lighting to meet a horizontal average of 3 fc throughout the parking lot.  

 

comparability in business statistics among the North American countries. NAICS replaced the Standard 

Industrial Classification (SIC) system in 1997. 

12 Establishments in this sector include businesses primarily engaged in evaluating a buildingôs structure 

and component systems and includes energy efficiency inspection services and home inspection 

services. This sector does not include establishments primarily engaged in providing inspections for 

pests, hazardous wastes or other environmental contaminates, nor does it include state and local 

government entities that focus on building or energy code compliance/enforcement of building codes and 

regulations.  
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The selected luminaires are still required to comply with the BUG ratings listed in 

CALGreen Table 5.106.8 for luminaires with 6,200 initial luminaire lumens or greater. 

The reclassification of óruralô areas into both óruralô areas and óurban clustersô would 

align the lighting requirements with more appropriate quantities of lighting in the 

nighttime environment within these areas. Reducing the quantity of unnecessary light at 

night would provide positive impacts to the human circadian rhythm, reduce air 

pollution, and protect local flora and fauna. Refer to Section 6.5 for more information. 

3.3.4 Impact on Building Owners and Occupants (Including Homeowners and 
Potential First-Time Homeowners) 

Commercial Buildings 

The commercial building sector includes a wide array of building types, including offices, 

restaurants and lodging, retail, and mixed-use establishments, and warehouses 

(including refrigerated) (Kenney 2019). Energy use by occupants of commercial 

buildings also varies considerably with electricity used primarily for lighting, space 

cooling and conditioning, and refrigeration. Natural gas consumed primarily for heating 

water and for space heating. According to information published in the 2019 California 

Energy Efficiency Action Plan, there is more than 7.5 billion square feet of commercial 

floor space in California and consumes 19 percent of Californiaôs total annual energy 

use (Kenney 2019). The diversity of building and business types within this sector 

creates a challenge for disseminating information on energy and water efficiency 

solutions, as does the variability in sophistication of building owners and the 

relationships between building owners and occupants.  

Residential Buildings 

According to data from the U.S. Census, American Community Survey (ACS), there 

were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were 

occupied (see Table 7). Most housing units (nearly 9.2 million were single-family homes 

(either detached or attached), while about 2 million homes were in building containing 

two to nine units and 2.5 million were in multi-family building containing 10 or more 

units. The U.S. Census reported that 59,200 single-family and 50,700 multifamily homes 

were constructed in 2019.  
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Table 7: California Housing Characteristics 

Housing Measure Estimate 

Total housing units 14,277,867 

Occupied housing units 13,072,122 

Vacant housing units 1,205,745 

Homeowner vacancy rate 1.2% 

Rental vacancy rate 4.0% 

Units in Structure Estimate 

1-unit, detached 8,177,141 

1-unit, attached 1,014,941 

2 units 358,619 

3 or 4 units 783,963 

5 to 9 units 874,649 

10 to 19 units 742,139 

20 or more units 1,787,812 

Mobile home, RV, etc. 538,603 

Source: (2018 American Community Survey n.d.) 

Table 8 shows the distribution of California homes by vintage. About 15 percent of 

California homes were built in 2000 or later and another 11 percent built between 1990 

and 1999. The majority of Californiaôs existing housing stock (8.5 million homes ï 59 

percent of the total) were built between 1950 and 1989, a period of rapid population and 

economic growth in California. Finally, about 2.1 million homes in California were built 

before 1950. According to Kenney et al, 2019, more than half of Californiaôs existing 

multifamily buildings (those with five or more units) were constructed before 1978 when 

there no building energy efficiency standards (Kenney 2019). 
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Table 8: Distribution of California Housing by Vintage 

Home Vintage Units Percent Cumulative Percent 

Built 2014 or later 343,448 2.4% 2.4% 

Built 2010 to 2013 248,659 1.7% 4.1% 

Built 2000 to 2009 1,553,769 10.9% 15.0% 

Built 1990 to 1999 1,561,579 10.9% 26.0% 

Built 1980 to 1989 2,118,545 14.8% 40.8% 

Built 1970 to 1979 2,512,178 17.6% 58.4% 

Built 1960 to 1969 1,925,945 13.5% 71.9% 

Built 1950 to 1959 1,896,629 13.3% 85.2% 

Built 1940 to 1949 817,270 5.7% 90.9% 

Built 1939 or earlier 1,299,845 9.1% 100.0% 

Total housing units 14,277,867 100%   

Source: (2018 American Community Survey n.d.) 

Table 9 shows the distribution of owner- and renter-occupied housing by household 

income. Overall, about 55 percent of California housing is owner-occupied and the rate 

of owner-occupancy generally increases with household income. The owner-occupancy 

rate for households with income below $50,000 is only 37 percent, whereas the owner 

occupancy rate is 72 percent for households earning $100,000 or more.  

Table 9: Owner- and Renter-Occupied Housing Units in California by Income 

Household Income Total Owner Occupied Renter Occupied 

Less than $5,000 391,235 129,078 262,157 

$5,000 to $9,999 279,442 86,334 193,108 

$10,000 to $14,999 515,804 143,001 372,803 

$15,000 to $19,999 456,076 156,790 299,286 

$20,000 to $24,999 520,133 187,578 332,555 

$25,000 to $34,999 943,783 370,939 572,844 

$35,000 to $49,999 1,362,459 590,325 772,134 

$50,000 to $74,999 2,044,663 1,018,107 1,026,556 

$75,000 to $99,999 1,601,641 922,609 679,032 

$100,000 to $149,999 2,176,125 1,429,227 746,898 

$150,000 or more 2,780,761 2,131,676 649,085 

Total Housing Units 13,072,122 7,165,664 5,906,458 

Median household income $75,277 $99,245 $52,348 

Source: (2018 American Community Survey n.d.) 

Understanding the distribution of California residents by home type, home vintage, and 

household income is critical for developing meaningful estimates of the economic 

impacts associated with proposed code changes affecting residents. Many proposed 

code changes specifically target single-family or multi-family residences and so the 
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counts of housing units by building type shown in Table 7 provides the information 

necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ 

for owners and renters, by home vintage, and by household income, information 

provided in Table 8 and Table 9.   

Estimating Impacts 

All three submeasures discussed in this report may indirectly impact tenants or owners 

in a positive way. The elimination of certain retail lighting allowances for multifamily, 

lowering of outdoor lighting levels in parking lots, and the reclassification of lighting 

zones could result in lower outdoor light levels on some properties (but still meeting the 

accepted guidelines for safety and security). The lower light levels and potentially lower 

light source wattage would likely result in reductions in the amount of light trespass that 

is experienced by the tenants, especially on lower floors of multifamily buildings and in 

adjacent properties. This change is an improvement in the overall lighting quality and 

visual environment experienced by building tenants and owners. 

3.3.5 Impact on Building Component Retailers (Including Manufacturers and 
Distributors) 

The lighting zone reclassification would prevent lighting manufacturers and distributors 

from selling products with high BUG ratings that do not meet the mandatory rating 

requirements listed in CALGreen Table 5.106.8 for luminaires with 6,200 initial luminaire 

lumens or greater. This is anticipated to have a minor impact within the industry. Over 

75 percent of the 364 luminaires studied have less than 6,200 initial luminaire lumens 

and are not required to be compliant with the CALGreen Table 5.106.8 BUG ratings. Of 

the 364 products studied, 347 had BUG ratings that meet the LZ3 BUG rating 

allowances for a luminaire mounted more than two mounting heights away from a 

property line. 

The updated LPA requirements align with current lighting products available on the 

market offered by all the 58 different manufacturers studied. The updated LPAs are 

anticipated to have no impact on the current LED luminaire offers provided by lighting 

manufactures. 

3.3.6 Impact on Building Inspectors  

Table 10 shows employment and payroll information for state and local government 

agencies in which many inspectors of residential and commercial buildings are 

employed. Building inspectors participate in continuing training to stay current on all 

aspects of building regulations, including energy efficiency. The Statewide CASE Team, 

therefore, anticipates the proposed change would have no impact on employment of 

building inspectors or the scope of their role conducting energy efficiency inspections.  
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Table 10: Employment in California State and Government Agencies with Building 
Inspectors 

Sector Govt. Establishments Employment Annual Payroll  
(millions $) 

Administration of 
Housing 
Programsa 

State 17 283 $29.0 

Local 
36 2,882 $205.7 

Urban and Rural 
Development 
Adminb 

State 35 552 $48.2 

Local 
52 2,446 $186.6 

Source: (State of California, Employment Development Department n.d.) 

a. Administration of Housing Programs (NAICS 925110) comprises government establishments 
primarily engaged in the administration and planning of housing programs, including building codes 
and standards, housing authorities, and housing programs, planning, and development. 

b. Urban and Rural Development Administration (NAICS 925120) comprises government 
establishments primarily engaged in the administration and planning of the development of urban 
and rural areas. Included in this industry are government zoning boards and commissions. 

The lighting zone reclassification would require that building inspectors familiarize 

themselves with the updated lighting zones to ensure that the lighting power density is 

appropriate for the project location.  

The removal of asphalt and concrete pavement classifications within Table 140.7-A 

would simplify building inspections. Inspectors would no longer be required to confirm 

that the site meets the appropriate LPAs for each pavement type.  

If the security camera specific application additional LPA is used, building inspectors 

would be responsible for confirming that the space meets the total outdoor LPA. 

3.3.7 Impact on Statewide Employment 

As described in Sections 3.3.1 through 3.3.6, the Statewide CASE Team does not 

anticipate significant employment or financial impacts to any particular sector of the 

California economy. This is not to say that the proposed change would not have modest 

impacts on employment in California. In Section 3.4, the Statewide CASE Team 

estimated how the proposed change in the lighting zone reclassification and LPAs for 

general hardscape would affect statewide employment and economic output directly 

and indirectly through its impact on builders, designers and energy consultants, and 

building inspectors. In addition, the Statewide CASE Team estimated how energy 

savings associated with the proposed change in the lighting zone reclassification and 

LPAs for general hardscape would lead to modest ongoing financial savings for 

California residents, which would then be available for other economic activities. 
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3.4 Economic Impacts 

Adoption of this code change proposal would result in relatively modest economic 

impacts through the reduction in direct spending by those in the commercial building 

industry, architects, energy consultants, and building inspectors. The Statewide CASE 

Team does not anticipate that money saved by commercial building owners or other 

organizations affected by the proposed 2022 code cycle regulations would result in 

additional spending by those businesses. 

Economic impact estimates for nonresidential lighting and multifamily measures are 

estimated from material and labor cost savings from equipment not installed due to LPA 

reductions. LPA reductions result in the need of fewer poles and luminaires, resulting in 

a negative incremental cost for this measure. The luminaire and pole reductions were 

calculated by evaluating 12 site layouts for each designated lot size, large, medium, and 

small, resulting in the analysis of 36 layouts. Pole and luminaire count for the base case 

and proposed case were compared to determine equipment reductions for each lot size. 

For assumptions and analysis on luminaire and pole reduction, see Section 6.4, 

Statewide Material Impacts. Note, multifamily projects are assumed to only have small 

and medium lot sizes, at 50 percent weighting for each lot size. The installation of each 

pole is estimated to require 4.73 hours of general contractor labor and 10 hours of 

electrician labor. The installation of each luminaire is estimated to require 0.5 hours of 

electrician labor. 

Note, typically economic impacts are estimated based on an Evergreen Economics 

analysis of IMPLAN V3.1 modeling software. Due to negative incremental costs, which 

are not supported in the software, economic impacts are instead calculated based on a 

direct reduction of labor hours, results found in Table 11. Labor rates are the fully 

loaded costs present in the IMPLAN software: Construction Laborers (SOC13: 472061): 

$72/hour, Electricians (472111): $107/hour. 

 

13 {h/ ŎƻŘŜΥ {ǘŀƴŘŀǊŘ hŎŎǳǇŀǘƛƻƴŀƭ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ŎƻŘŜ ππ ǎŜŜ ƘǘǘǇΥκκǿǿǿΦōƭǎΦƎƻǾκǎƻŎκƘƻƳŜΦƘǘƳ 
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Table 11: Estimated Impact that the Adoption of the Proposed Measures Would 
Have On The California Commercial Construction Sector 

Measure Job Type 

Per Unit Labor 
Hours 

Reduction (labor 
hours / sf) 

Statewide 
Labor 

Reduction 
(hours) 

Full Time 
Equivalent 

(2000 
hours) 

Labor 
Rate 

($/hour) 

Statewide 
Labor Cost 
Reduction 

(millions $) 

Non-Res. 
Outdoor 

LPA 

General 
Hardscape 

General 
Contractor 

2.02 x 10-3 253,883 126.94 $72 $18.3 

Electrician 4.49 x 10-3 562,858 281.43 $107 $60.2 

Total NA 816,741 408.37 NA $78.5 

Multifamily 

General 
Contractor 

2.3 x 10-3 53,458 26.73 $72 $3.9 

Electrician 4.9 x 10-3 116,932 58.47 $107 $12.5 

Total NA 170,391 85.20 NA $16.4 

All Measures 

General 
Contractor 

NA 307,341 143.66 $72 $22.1 

Electrician NA 679,790 228.86 $107 $72.7 

Total NA 987,132 372.52 NA $94.9 

The multifamily measure is not anticipated to have impacts on building designers, 

energy consultants, or inspectors. All building designer impacts are estimated to be a 

result of the lighting zone reclassification measure, and the security camera adder, as 

part of the specific applications of the non-residential outdoor LPA reduction measure. 

Table 12: Estimated Impact that Adoption of the Proposed Measure Would Have 
On The California Building Designers and Energy Consultants Sectors 

Type of Economic Impact Employment 
(jobs) 

Labor 
Income 

(millions $) 

Total Value 
Added 

(millions $) 

Output 

(millions $) 

Direct Effects (Additional 
spending by Building Designers 
& Energy Consultants) 

13.6 $1.4  $1.4  $2.5  

Indirect Effect (Additional 
spending by firms supporting 
Bldg. Designers & Energy 
Consult.) 

8.6 $0.6  $0.8  $1.2  

Induced Effect (Spending by 
employees of firms 
experiencing ñdirectò or 
ñindirectò effects) 

10.6 $0.6  $1.1  $1.7  

Total Economic Impacts 32.8 $2.57 $3.23  $5.44 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  
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The nonresidential outdoor LPA reduction and lighting zone reclassification measures 

are anticipated to have minor impacts on building inspectors, due to the need to verify 

the project lighting zone, and verify the location of security cameras if the security 

camera LPA is used. 

Table 13: Estimated Impact that Adoption of the Proposed Measure Would Have 
On California Building Inspectors 

Type of Economic Impact Employment 
(jobs) 

Labor 
Income 

(millions $) 

Total Value 
Added 

(millions $) 

Output 

(millions $) 

Direct Effects (Additional spending 
by Building Inspectors) 

1.0 $0.10  $0.12  $0.15  

Indirect Effect (Additional 
spending by firms supporting 
Building Inspectors) 

0.1 $0.01 $0.01 $0.02  

Induced Effect (Spending by 
employees of Building Inspection 
Bureaus and Departments) 

0.6 $0.03 $0.06 $0.10 

Total Economic Impacts 1.7 $0.15 $0.20  $0.27 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  

3.4.1 Creation or Elimination of Jobs. 

The Statewide CASE Team does not anticipate that proposed measures would lead to 

the creation of new types of jobs or the elimination of existing types of jobs. In other 

words, the proposed change would not result in economic disruption to any sector of the 

California economy. Rather, the estimates of economic impacts discussed in Section 

3.3 would lead to modest changes in employment of existing jobs.  

3.4.2 Creation or Elimination of Businesses in California 

As stated in Section 3.4.1, the proposed change would not result in economic disruption 

to any sector of the California economy. The proposed change represents a modest 

change to outdoor lighting source allowances, which would not excessively burden or 

competitively disadvantage California businesses ï nor would it necessarily lead to a 

competitive advantage for California businesses. Therefore, the Statewide CASE Team 

does not foresee any new businesses being created, nor does the Statewide CASE 

Team think any existing businesses would be eliminated due to the proposed code 

changes to Title 24, Part 6.  
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3.4.3 Competitive Advantages or Disadvantages for Businesses in California 

The proposed code changes would apply to all businesses operating in California, 

regardless of whether the business is incorporated inside or outside of the state.14 

Therefore, the Statewide CASE Team does not anticipate that the proposed measures 

would have an adverse effect on the competitiveness of California businesses. 

Likewise, the Statewide CASE Team does not anticipate businesses located outside of 

California would be advantaged or disadvantaged. 

3.4.4 Increase or Decrease of Investments in the State of California 

The Statewide CASE Team does not anticipate that the economic impacts associated 

with the proposed measure would lead to significant change (increase or decrease) in 

investment in any directly or indirectly affected sectors of Californiaôs economy. 

3.4.5 Effects on the State General Fund, State Special Funds, and Local 
Governments 

The Statewide CASE Team does not expect the proposed code changes to have a 

measurable impact on the Californiaôs General Fund, any state special funds, or local 

government funds. 

3.4.6 Impacts on Specific Persons 

While the objective of any of the Statewide CASE Teamôs proposal is to promote energy 

efficiency, the Statewide CASE Team recognizes that there is the potential that a 

proposed code change may result in unintended consequences. 

 

14 Gov. Code, Ä 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR Ä 2003(a)(3) Competitive advantages or 

disadvantages for California businesses currently doing business in the state. 
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4. Energy Savings  

4.1 Key Assumptions for Energy Savings Analysis 

The energy and cost analysis presented in this report used the TDV factors that are 

consistent with the TDV factors presented during the Energy Commissionôs March 27, 

2020 workshop on compliance metrics (California Energy Commission 2020). The 

electricity TDV factors include the 15 percent retail adder and the natural gas TDV 

factors include the impact of methane leakage on the building site. The electricity TDV 

factors used in the energy savings analyses were obtained from Energy and 

Environmental Economics, Inc. (E3), the contractor that is developing the 2022 TDV 

factors for the Energy Commission, in a spreadsheet titled ñElectric TDVs 2022 - 

15 pct Retail Adj Scaled by Avoided Costs.xlsxò. The natural gas TDV factors used in 

the energy savings analyses were obtained from E3 in a spreadsheet titled 

ñ2022_TDV_Policy_Compliant_CH4Leak_FlatRtlAdd_20191210.xlsxò. The electricity 

demand factors used in the energy savings analysis were obtained from E3 in a 

spreadsheet titled ñ2022 TDV Demand Factors.xlsxò. The Energy Commission notified 

the Statewide CASE Team on April 21, 2020 that they were investigating further 

refinements to TDV factors using 20-year global warming potential (GWP) values 

instead of the 100-year GWP values that were used to derive the current TDV factors. It 

is anticipated that the 20-year GWP values would increase the TDV factors slightly. As 

a result, the TDV energy savings presented in this report are lower than the values 

that are expected if the final TDV use 20-year GWP values, and the proposed code 

changes will be more cost effective using the revised TDV. Energy savings presented in 

kWh and therms are not affected by TDV or demand factors. 

4.1.1 Assumptions for Lighting Zone Reclassification 

The Statewide CASE Team calculated per-unit impacts and statewide impacts 

associated with both new construction and alterations by examining energy use of 

outdoor LPAs in the different lighting zones that are minimally compliant with the 2019 

Title 24, Part 6 Standards. The Statewide CASE Team specifically used the 2019 Title 

24, Part 6 LPAs because the LPAs are not being updating in this submeasure, and 

therefore, all energy savings results only from a change in lighting zone. Changes to the 

lighting zone classifications result in a larger portion of the state being classified as LZ1 

instead of LZ2. The per-unit difference for general hardscape areas and the specific 

applications15 were calculated by comparing the differences in the 2019 LZ2 LPAs to 

 

15 Specific applications are listed in Table 140.7-B and are extra layers of wattage that can be used in 

addition to the general hardscape LPAs found in Table 140.7-A. Examples of specific applications include 

Outdoor Sales Frontage, Building Entrances and Exits, and Outdoor Sales Lots. 
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the 2019 LZ1 LPAs. Energy savings are realized because the LPAs for LZ1 are lower 

than those for LZ2. Therefore, overall less total wattage can be installed in a LZ1 project 

versus a LZ2 project. 

The Statewide CASE Team studied various LED luminaires commonly available today 

to ensure that the LPAs for each lighting zone could be met. The Statewide CASE 

Team studied lower ñwarmò CCT luminaires (either 3000K CCT or 2700K CCT) that are 

widely available today to ensure that less efficacious luminaires used in current industry 

standard practices could be installed in each lighting zone. The LED luminaires were 

selected from a breadth of products that represent a reasonable cross-section of 

designs likely to be installed in the 2022 code cycle. The products were then analyzed 

for each specific application to ensure that the products were available to meet both the 

lighting level requirements and CALGreen BUG ratings listed in Section 5.108.6 for the 

updated lighting zone classifications. 

The Statewide CASE Team used the same hours of operation in this code cycle as 

those assumed for the 2019 code cycle to calculate per-unit annual electricity use for 

each application in both LZ1 and LZ2 as shown in Table 14. More information on the 

hours of operation schedules can be found in Appendix M. The per-unit electricity 

savings were determined for each application by comparing the per-unit savings of 

reducing each application LPA from a LZ2 to an LZ1 classification. The electricity 

savings for specific applications are classified as per occurrence (e.g. per fuel pump), 

per linear foot, or per square foot, depending on the application.
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Table 14: Nonresidential Outdoor Lighting Hours of Operation per Application 

Application Schedule Type Annual Full 
Load Hours 

General Hardscape General Hardscape with 
controls (poles heights 
less than 24 feet) 

Dusk-30min to 
Dawn+30min with bi-
level motion sensors 

2768 

General Hardscape  General Hardscape 
without controls (pole 
heights greater than 24 
feet) 

Dusk-30min to 
Dawn+30min 

4690 

Building Entrances and Exits A with bi-level motion 
sensor 

4690 

Primary Entrances A Dusk-30min to 
Dawn+30min 

4690 

Drive-Up Windows Retail Dusk-30min to 
Dawn+30min 

3193 

Uncovered Fuel Dispenser A Dusk-30min to 
Dawn+30min  

4690 

ATM ATM with Partial Off 3311 

Outdoor Sales Frontage C Dusk-30min to 
Dawn+30min 

1932 

Hardscape Ornamental Lighting A Dusk-30min to 
Dawn+30min 

4690 

Building Facades D Dusk-30min to 
Dawn+30min 

3193 

Outdoor Sales Lots Outdoor Sales Lots Dusk-30min to 
Dawn+30min 

3000 

Vehicle Service Station Hardscape Service Station 
Hardscape 

Dusk-30min to 
Dawn+30min  

3651 

Vehicle Service Station Canopies Service Station Canopies with Partial Off 3651 

Sales Canopies Retail Dusk-30min to 
Dawn+30min  

3193 

Non-sales Canopies and 
Pedestrian Tunnels 

A with Partial Off 4690 

Guard Stations A Dusk-30min to 
Dawn+30min 

4690 

Student Pick-up/Drop-off Zones B Dusk-30min to 
Dawn+30min 

1567 

Outdoor Dining Outdoor Dining Dusk-30min to 
Dawn+30min  

1932 

Special Security Lighting for Retail 
Parking and Pedestrian Hardscape 

A with Partial Off 4690 

Security Camera A Dusk-30min to 
Dawn+30min 

4690 
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4.1.2 Assumptions for Lighting Power Allowance for General Hardscape 

The general hardscape LPAs were developed using a similar approach that was used in 

both the 2016 and 2019 code cycle. The 10 representative general hardscape layouts 

are a reasonable approximation of anticipated installations during the 2022 code cycle 

and are the basis of the new 2022 general hardscape LPAs. These layouts are specific 

to outdoor lighting and are described in Table 15 and illustrated in Figure 1. 

Each general hardscape LPA (for each lighting zone) is also known as the effective 

area wattage allowance (eAWA), and is a combination of three allowances: 

¶ Initial wattage allowance (IWA): flat wattage allowance for a site. It is expressed 
in watts. 

¶ Area wattage allowance (AWA): wattage allowance for the area of a site. It is 
expressed in watts per square foot. 

¶ Linear wattage allowance (LWA): wattage allowance for the perimeter of a site. It 
is expressed in watts per linear foot. 

These three allowances are combined into a single metric, the general hardscape LPA 

or eAWA, based on the size, shape, and location of the general hardscape area in 

question. Each of the 10 general hardscape layouts had the new IES recommended 

lighting levels applied to them and were modeled with ñwarmò CCT luminaires that are 

less efficacious than higher CCT luminaires to ensure that these less efficacious 

luminaires could be used with the new LPAs. New eAWAs were then developed for 

each of the 10 layouts based on the lower lighting levels and luminaires. The layouts 

are shown in Figure 1, except for layout k which is a perfect square lot and not shown in 

the Figure 1. The maximum eAWA for each layout was then used to develop the new 

proposed general hardscape LPAs. This was completed separately for each lighting 

zone because each lighting zone has a different lighting level requirement, and 

therefore, has a different LPA. 

The 2022 eAWA values were further adjusted to account for the security camera 

allowance, expected to apply to a portion of statewide general hardscape area. A 

camera allowance adjusted eAWA was calculated by computing a weighted average 

over camera and non-camera equipped regions, between the original 2022 eAWA for 

non-camera area, and the eAWA plus security camera allowance for camera equipped 

areas. This calculation results in a single adjusted eAWA per lighting zone that can be 

used for per-unit and statewide calculations and compared directly with the 2019 base 

case eAWA.  

The per-unit energy savings, including energy cost savings, were developed by 

comparing the 2019 general hardscape LPA, or 2019 eAWA, with the proposed 2022 

general hardscape LPA with weighted camera allowance. Please see Section 4.2.1 for 

more details on the per-unit and statewide energy savings methodology. 
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The Statewide CASE Team wanted to confirm that the newly developed general 

hardscape LPAs were high enough to allow spaces to be lighted to the recommended 

light levels, so they were validated by using three real site designs.16 Using lighting 

design software, the new LPA values were applied to the three parking lot designs and 

it was confirmed each could be lighted to IES recommended light levels with currently 

available products. Area lights with Type III, Type IV, and Type V lumen distributions 

were mounted on poles ranging in height from 15 feet to 45 feet per typical design 

standards. Figure 2 illustrates the real parking lot designs.  

A comparison of the new eAWAs to the average lighting power density (LPD) of each of 

the real site designs found that the general hardscape eAWA is 30 percent higher than 

the averaged LPD of the real site designs for each lighting zone. This shows that the 

new eAWA includes a buffer to allow designers to install decorative, less efficacious 

luminaires in general hardscape applications. 

Key considerations for the three parking lot sites include the expected lumen 

maintenance of the outdoor luminaires and the appropriate light loss factors. The 

Statewide CASE Team applied the maintained lumen output of each luminaire at 60,000 

hours since this is the less than the typical end of life (L70) for most area lights. Per the 

general hardscape schedule, luminaires with a 60,000-hour rated life would not reach 

the reported end of life during the 15-year period of analysis. A luminaire dirt 

depreciation factor17 of 0.85 was applied based on the molded acrylic direct deprecation 

values reported in IES RES-1-16 ñMeasure and Report Luminaire Dirt Depreciation 

(LDD) in LED Luminaires for Street and Roadway Lighting Applicationsò over 15 years.  

 

16 Real site designs were used for a small, medium, and large parking lot. 

17 This factor accounts for the fact that luminaires get dirty over time in outdoor environments. 
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Table 15: Description of General Hardscape Layouts Used for Energy, Demand, 
Cost, and Environmental Impacts Analysis for General Hardscape 

Representative 
Layout ID 

Hardscape 
Area 

(ft2) 

Hardscape 
Perimeter 

(ft) 

Perimeter 
to Area 
(%) 

Notes 

Layout A 501,626 6,794 1.4 Long skinny site, big building 

Layout B 471,726 5,131 1.1 Square site, irregular building 

Layout C 42,828 3,052 7.1 Irregular site, campus buildings 

Layout D 28,500 960 3.4 Long skinny site, small building 

Layout E 21,000 760 3.6 Square site, small square building 

Layout F 61,798 1,940 3.1 Irregular site, long square building 

Layout G 21,797 1,408 6.5 Long skinny site, irregular building 

Layout H 11,040 1,042 9.4 Square site, large square building 

Layout J 34,735 2,593 7.5 
Irregular site, large irregular 
building 

Layout K 250,000 2,000 0.8 Ideal square site 

 

Figure 1: Representation of general hardscape layouts used to determine new 
lighting power allowances. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-LIGHT3-F | 58 

 

Figure 2: Real parking lot designs used to confirm recommended light levels 
could be achieved with the proposed lighting power allowances. 

4.1.3 Assumptions for Multifamily Lighting Power Allowances 

For the multifamily outdoor LPA submeasure, the Statewide CASE Team calculated 

per-unit impacts and statewide impacts associated with new construction and additions 

and alterations by comparing energy use of outdoor lighting that is minimally compliant 

with the 2019 Title 24, Part 6 Standards to the proposed requirements for the 2022 Title 

24, Part 6 Standards. 

Note that per-unit savings estimates are completed with different units for residential 

buildings than for nonresidential buildings. The multifamily building category includes the 

residential models Lowrise Garden, Loaded Corridor, Midrise Mixed, Highrise Mixed.  

The analysis for General Hardscapes defines effective area wattage allowances for 

multifamily (eAWAMF) for the 2022 proposal using 3000K LED luminaires that are widely 

available today and commonly used for multifamily projects. Wattage and pole heights 

were established for sites that represent a cross-section of what is likely to be installed 

in multifamily projects in the state during the 2022 code cycle. The Statewide CASE 

Team used three methods to ensure that the design represents reasonable design 

practice within the industry: 1.) a survey of lighting practitioners, including designers 

with multifamily experience, 2.) a review of multifamily projects available for statistical 

analysis, and 3.) the judgement of lighting experts within the Statewide CASE Team. 

The effective area wattage allowance values for multifamily combine the Initial Wattage 

Allowance and the Area Wattage Allowance into a single value based on the size, 

shape, and type of the area in question. Note that these all get a ñMFò subscript 

designation to differentiate these formulas from the nonresidential formulas. 
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The formula for multifamily LPA is as follows:  

▄═╦═╜╕ ╛╟═╜╕ ╘╦═╜╕ ═╦═╜╕ 

Where: 

Ὅὡὃ  is the Initial Wattage Allowance specifically for multifamily projects 

(sourced from values in nonresidential outdoor lighting Table 140.7-A). 

ὃὡὃ  is the Area Wattage Allowance specifically for multifamily projects 

(sourced from values in the nonresidential outdoor lighting Table 140.7-A). 

Note that this formula differs from the formula used in the nonresidential outdoor LPA 

calculation procedure in that it does not include a Linear Wattage Allowance (LWA) 

because these values have been absorbed into the new values for ὃὡὃ  to simplify 

the calculation procedure. 

4.2 Energy Savings Methodology 

4.2.1 Lighting Zone Reclassification 

The outdoor lighting applications do not have an interactive effect with HVAC and are 

not dependent on climate zone. Since savings do not vary by climate zone, the 

Statewide CASE Team averaged the statewide TDV factors for each climate zone and 

used that to calculate energy cost impacts. 

Each lighting zone has a specific set of general hardscape and specific application 

LPAs with higher lighting zones having higher LPAs to accommodate higher 

recommended lighting levels. Updating the lighting zone definitions results in a 

significant portion of area in LZ2 moving down to LZ1. This results in energy savings 

due to these areas moving from higher to lower LPAs. The Statewide CASE Team 

calculated per-unit savings by calculating the total energy usage of one square foot of 

general hardscape and one unit of each specific application. Each LPA was converted 

to kWh by applying hours of operation for an entire year to each general hardscape and 

specific application LPA. These hours of operation assume that the luminaires would be 

turned on 30 minutes before dawn and turned off 30 minutes after dusk with post 

occupancy dimming and motion sensor control requirements applied per outdoor 

lighting control requirements in Section 130.2 of Title 24, Part 6. For luminaires mounted 

at 24 feet or lower, motion sensors were anticipated to be in use. Luminaires mounted 

above 24 feet do not require additional motion controls and were assumed to be at full 

light output until 11:00 PM. The hours of operation are presented in Table 14. This was 

completed for LZ1 and LZ2 LPAs. 

The total per-unit (one square foot of general hardscape and each unit specific 

application) kWh energy usage for LZ2 was subtracted from the total per-unit kWh 
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energy usage for LZ1. The resulting kWh is the per-unit savings. The 2019 LPAs for 

general hardscape and specific applications were used for this analysis. 

The per-unit savings were extrapolated to the entire state using estimates of statewide 

square footage of each type of outdoor hardscape area that would be impacted by the 

proposed requirements. The total statewide hardscape area was derived by converting 

the interior building construction forecasts provided by the Energy Commission to 

exterior construction forecasts. These exterior forecasts applied assumptions about the 

type and size of hardscaped areas that are associated with typical nonresidential 

construction of different building types. Refer to Appendix A for information on the 

percentage of interior construction forecasts applied to each exterior application. 

The Statewide CASE Team calculated that statewide savings would occur from 

approximately five percent of buildings (new construction and alterations) shifting from 

having a LZ2 designation to LZ1. This is a result of updating the lighting zone definitions 

to moving ñruralò areas to LZ1 and making ñurban clustersò now the default LZ2. U.S. 

Census data shows that approximately five percent of California is designated as ñruralò 

which is why estimated construction activity for LZ1 is increased to five percent. See 

Table 16 below showing the change in construction activity estimates for each lighting 

zone. 

Table 16: Update to Percent of Construction Activity Per Lighting Zone 

Lighting 
Zone 

Percent of Land 
Mass (Source: 

2010 U.S. Census) 

Percent of 
Construction Activity 
Estimate (base case) 

Percent of 
Construction Activity 
Estimate (proposed) 

LZ0 9% 0.0% 0.0% 

LZ1 1% 0.1% 5.0% 

LZ2 85% 9.9% 5.0% 

LZ3 5% 90.0% 90.0% 

LZ4 0% 0.0% 0.0% 

4.2.2 Lighting Power Allowance for General Hardscape 

The outdoor lighting applications do not have an interactive effect with HVAC and are 

not dependent on climate zone. Since savings do not vary by climate zone, the 

Statewide CASE Team averaged the statewide TDV factors for each climate zone and 

used that to calculate energy cost impacts. 

Unlike most 2022 CASE proposals, the outdoor lighting measures do not calculate 

energy savings associated with prototypical buildings. As described in Section 4.1.2, the 

Statewide CASE Team used representative layouts for outdoor lighting in general 

hardscape applications. These layouts include ten site plans that represent a variety of 

site configurations that account for both the building and hardscape footprint, which vary 

from an efficient (square) site with a simple building footprint and hardscape layout to a 
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more complex site with less ideal conditions. These site plans layouts are specific to 

outdoor lighting and enabled the Statewide CASE Team to compare LPA values in 

practical lighting layout conditions that represent a reasonable spectrum of conditions 

that may be encountered in actual site designs. 

The LPA estimate average used for savings calculations was adjusted to account for a 

percentage of general hardscape installations using security cameras. The camera 

allowance adjusted LPA is calculated as a weighted average of the conventional (no 

camera) LPA and the conventional LPA plus security camera allowance for installations 

estimated to have security cameras.  

Per-unit savings were developed by calculating the total energy usage of one square 

foot of general hardscape for each lighting zone. Each lighting zone LPA was converted 

to kWh by applying hours of operation for an entire year. These hours of operation 

assume that the luminaires would be turned on 30 minutes before dawn and turned off 

30 minutes after dusk with post occupancy dimming and motion sensor control 

requirements applied per outdoor lighting control requirements in Section 130.2 of Title 

24, Part 6. For luminaires mounted at 24 feet or lower, motion sensors were anticipated 

to be in use. Luminaires mounted above 24 feet do not require additional motion 

controls and were assumed to be at full light output until 11:00 PM. The hours of 

operation are presented in Table 14. This was completed for each lighting zone general 

hardscape LPA. 

The Statewide CASE Team then estimated the statewide energy impacts by 

extrapolating the per-unit impacts to the entire state using estimates of the 2023 

construction forecast. The building construction forecasts were developed by converting 

the interior construction forecasts provided by the Energy Commission to approximate 

exterior square footage per each space type. Refer to Appendix A for the percentage of 

interior spaces applied to each outdoor application. The assumptions applied to each of 

the converted construction forecasts were first developed during the 2016 code cycle. 

The same assumptions were applied to the 2019 code cycle construction forecasts and 

further refined. The Statewide CASE Team is applying the same assumptions refined 

for the 2019 code cycle to the 2023 construction forecasts. 

The Statewide CASE Team did not use the updated construction activity estimates in 

Table 16, but rather the same construction activity estimates as the 2019 code cycle 

presented in Table 17 below. This was done to prevent double counting of energy 

savings. 
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Table 17: Percent of Construction Activity Per Lighting Zone for General 
Hardscape Lighting Power Allowance 

Lighting Zone Percent of Land Mass  
(Source: 2010 U.S. 

Census) 

Percent of 
Construction 

Activity Estimate 

LZ0 9% 0.0% 

LZ1 1% 0.1% 

LZ2 85% 9.9% 

LZ3 5% 90.0% 

LZ4 0% 0.0% 

4.2.3 Multifamily Outdoor Lighting Power Allowance 

For the multifamily outdoor LPA submeasure, the per-unit energy impacts for multifamily 

buildings are presented in savings per dwelling unit. The Statewide CASE Team 

developed the savings estimates based on the savings projections for lighting systems 

modelled to meet the design criteria and projected for the savings by building as 

discussed in Section 4.2.1 above. 

This enabled a projection of statewide savings using construction forecasts to estimate 

the total energy savings that the state would benefit by adopting this measure. The 

weighting of the respective prototype models for the multifamily building type and the 

percentage of the dwelling units impacted by the measure is presented below in Table 

19 below. 

The Statewide CASE Team developed an understanding of typical hardscape and 

building conditions by analyzing the site development plans for multifamily projects to 

establish the ratios of general hardscape compared to square footage of buildings and 

compared to the number of apartment units within the development projects. These 

ratios are used to determine the respective statewide impacts of the measure for the 

respective building category. 

Table 18 provides the average characteristics observed through the analysis of 

approximately 24 different properties to help characterize the multifamily prototypes. 

Further information on this analysis is provided in Appendix H at the end of the report.  

Below that, Table 19 provides the weighting of the four prototype buildings within the 

overall construction forecasts to calculate the impacts of the proposed code changes. 

Note that for the analysis of outdoor lighting measures, these prototypes do not include 

building exterior information, and the Statewide CASE Team developed substitute 

characteristics based on real-world properties to represent each building prototype 

using the 24 properties mentioned above.
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Table 18: Evaluated Site Characteristics by Prototype 

 Prototype 
Floor  

Area (ft2) 
Unit 
Count 

Building  
Footprint  
Area (ft2) 

Site 
Area 
(ft2) 

Hardscape  
Area (ft2) 

Site  
Perimeter  

(ft) 

Hardscape  
Perimeter  

(ft) 

High-Rise 143,729 145 43,959 88,801 36,876 1,330 3,255 

Mid-Rise 179,832 161 77,048 185,011 74,109 1,742 6,718 

Low Rise - Garden 46,150 45 38,584 153,578 66,136 1,608 5,546 

Low Rise - Corridor 40,521 70 32,608 92,979 24,087 1,284 2,759 

Table 19: Multifamily Building Associated Prototype Weighting 

Building Type ID from 
Statewide Construction 
Forecast 

Building Prototype for 
Energy Modeling 

Weighting Factors of 
Total Multifamily 
Dwelling Units 

Weighting Factors 
for Statewide 

Impacts Analysis 

Multifamily 

LowRiseGarden 4% 100% 

LoadedCorridor 33% 100% 

MidRiseMixedUse 58% 100% 

HighRiseMixedUse 5% 100% 
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4.3 Per-Unit Energy Impacts Results 

4.3.1 Lighting Zone Reclassification 

Energy savings and peak demand reductions per unit are presented in Table 20. There 

are no anticipated energy impacts for lighting zones 3 and 4 since there are no 

proposed changes to the weighting factors for these lighting zones. The per-unit energy 

savings figures do not account for naturally occurring market adoption or compliance 

rates.  

The following per-unit energy impacts were determined by calculating the difference in 

energy usage and peak demand reduction over one year, for one unit for each specific 

application. 

Table 20: First-Year Energy Impacts Per Unit ï Lighting Zone Reclassification  

Lighting 
Application 

Per Unit Electricity 
Savings 

(kWh/yr) 

Peak 
Electricity 
Demand 

Reductions 

(kW) 

Natural 
Gas 

Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV 
kBtu/yr) 

General Hardscape Per Square 
Foot 

0.003 3.53 x 10-7 NA 0.09 

Building Entrances 
or Exits 

Each 1.380 2.53 x 10-4 NA 41.18 

Primary Entrances Each 4.601 8.43 x 10-4 NA 137.28 

Drive Up Windows Each 2.192 3.85 x 10-4 NA 67.04 

Vehicle Service 
Station Uncovered 
Fuel Dispenser 

Each 
Pump Face 

5.061 9.27 x 10-4 NA 151.00 

ATM Machine 
Lighting 

Each 0.000 0 NA 0.00 

Outdoor Sales 
Frontage 

Per Linear 
Foot 

1.042 2.42 x 10-4 NA 34.01 

Hardscape 
Ornamental Lighting 

Per Square 
Foot 

0.002 2.95 x 10-7 NA 0.05 

Building Facades Per Square 
Foot 

0.016 2.75 x 10-6 NA 0.48 

Outdoor Sales Lots Per Linear 
Foot 

0.022 4.14 x 10-6 NA 0.66 

Vehicle Service 
Station Hardscape 

Per Square 
Foot 

0.011 2.07 x 10-6 NA 0.33 

Vehicle Service 
Station Canopies 

Per Square 
Foot 

0.038 7.02 x 10-6 NA 1.13 
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Sales Canopies Per Square 
Foot 

0.074 1.29 x 10-5 NA 2.25 

Non-sales Canopies 
and Tunnels 

Per Square 
Foot 

0.018 3.37 x 10-6 NA 0.55 

Guard Stations Per Square 
Foot 

0.022 4.00 x 10-6 NA 0.65 

Student Pick-
up/Drop-off zone 

Per Square 
Foot 

0.004 1.04 x 10-6 NA 0.14 

Outdoor Dining Per Square 
Foot 

0.002 5.72 x 10-7 NA 0.08 

Special Security 
Lighting for Retail 
Parking and 
Pedestrian 
Hardscape 

Per Square 
Foot 

0.000 4.21 x 10-8 NA 0.01 

4.3.2  Light Power Allowances for General Hardscape 

The following per-unit energy impacts were determined by calculating the difference in 

energy usage and peak demand reduction over one year, for one square foot of area of 

the 2019 General Hardscape LPAs versus the proposed 2022 General Hardscape 

LPAs. 

Table 21: First-Year Energy Impacts Per Unit ï General Hardscape Lighting Power 
Allowance 

General 
Hardscape 

Per Unit Electricity 
Savings 

(kWh/yr) 

Peak 
Electricity 
Demand 

Reductions 

(kW) 

Natural 
Gas 

Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV 
kBtu/yr) 

Lighting Zone 1 Per Square Foot 0.0043 5.24 x 10-7 N/A 0.128 

Lighting Zone 2 Per Square Foot 0.0407 4.98 x 10-6 N/A 1.214 

Lighting Zone 3 Per Square Foot 0.0478 6.15 x 10-6 N/A 1.428 

Lighting Zone 4 Per Square Foot 0.0340 6.23 x 10-6 N/A 1.015 
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4.3.3 Multifamily Lighting Power Allowances 

Table 22: Weighted Average First-Year Energy Impacts Per Dwelling Unit ï 
Multifamily Outdoor Lighting Power Allowance 

Building Prototype Electricity 
Savings 
(kWh/yr) 

Peak Electricity 
Demand 

Reductions 

(kW) 

Natural Gas 
Savings 

(therms/yr) 

TDV Energy 
Savings 

(TDV 
kBtu/yr) 

Low Rise Garden 140 0.027 NA 1,301 

Loaded Corridor 36 0.007 NA 336 

Mid-Rise Mixed Use 43 0.008 NA 404 

High Rise Mixed Use 24 0.005 NA 231 
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5. Cost and Cost Effectiveness 

5.1 Energy Cost Savings Methodology 

The energy cost savings presented in this section were calculated by applying the TDV 

energy cost factors to the energy savings estimates that were derived using the 

methodology described in Section 4.2. TDV is a normalized metric to calculate energy 

cost savings that accounts for the variable cost of electricity and natural gas for each 

hour of the year, along with how costs are expected to change over the period of 

analysis (30 years for residential measures and nonresidential envelope measures and 

15 years for all other nonresidential measures). In this case, the period of analysis used 

is 15 years. The TDV cost impacts are presented in 2023 present value dollars and 

represent the energy cost savings realized over 15 years. TDV cost impacts in nominal 

dollars are presented in Appendix N. 

5.2 Energy Cost Savings Results 

Per-unit energy cost savings for newly constructed buildings that are realized over the 

15-year period of analysis are presented in 2023 dollars in the following sections. The 

nominal per-unit impacts are presented in Appendix N and do not vary by new 

construction or alterations. 

5.2.1 Nonresidential Lighting Zone Reclassification 

The per-unit savings are averaged across all the lighting zones. The weighting values 

used to average the lighting zones are presented in Table 23 below. The 2023 present 

value per-unit impacts do not vary by new construction or alterations and are presented 

in Table 24. 

Table 23: Update to Percent of Construction Activity Per Lighting Zone 

Lighting Zone Percent of Construction 
Activity Estimate 

LZ0 0.0% 

LZ1 5.0% 

LZ2 5.0% 

LZ3 90.0% 

LZ4 0.0% 
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Table 24: Lighting Zone Reclassification: 2023 PV TDV Energy Cost Savings Over 
15-Year Period of Analysis ï Per Unit ï New Construction and Alterations 

Lighting Application Units 15-Year 
TDV 

Electricity 
Cost 

Savings 

(2023 PV$) 

15-Year 
TDV 

Natural Gas 
Cost 

Savings 

(2023 PV$) 

Total 15-
Year TDV 
Energy 
Cost 

Savings 

(2023 PV$) 

General Hardscape Per Square Foot 0.008 N/A 0.008 

Building Entrances or Exits Each 3.665 N/A 3.665 

Primary Entrances Each 12.218 N/A 12.218 

Drive Up Windows Each 5.967 N/A 5.967 

Vehicle Service Station 
Uncovered Fuel Dispenser 

Each Pump Face 13.440 N/A 13.440 

ATM Machine Lighting Each 0.000 N/A 0.000 

Outdoor Sales Frontage Per Linear Foot 3.027 N/A 3.027 

Hardscape Ornamental 
Lighting 

Per Square Foot 0.004 N/A 0.004 

Building Facades Per Square Foot 0.043 N/A 0.043 

Outdoor Sales Lots Per Linear Foot 0.059 N/A 0.059 

Vehicle Service Station 
Hardscape 

Per Square Foot 0.030 N/A 0.030 

Vehicle Service Station 
Canopies 

Per Square Foot 0.101 N/A 0.101 

Sales Canopies Per Square Foot 0.200 N/A 0.200 

Non-sales Canopies and 
Tunnels 

Per Square Foot 0.049 N/A 0.049 

Guard Stations Per Square Foot 0.058 N/A 0.058 

Student Pick-up/Drop-off zone Per Square Foot 0.013 N/A 0.013 

Outdoor Dining Per Square Foot 0.007 N/A 0.007 

Special Security Lighting for 
Retail Parking and Pedestrian 
Hardscape 

Per Square Foot 0.001 N/A 0.001 
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5.2.2 Nonresidential General Hardscape Lighting Power Allowance 

The per-unit savings are averaged across all the lighting zones. The weighting used to 

average the lighting zones are presented in Table 25 below. The 2023 present value 

per-unit impacts do not vary by new construction or alterations and are presented in 

Table 26. 

Table 25: Percent of Construction Activity Per Lighting Zone 

Lighting Zone Percent of Construction 
Activity Estimate 

LZ0 0.0% 

LZ1 0.1% 

LZ2 9.9% 

LZ3 90.0% 

LZ4 0.0% 

Table 26: General Hardscape Lighting Power Allowance: 2023 PV TDV Energy 
Cost Savings Over 15-Year Period of Analysis ï Per Square Foot 

Lighting Application Units 15-Year TDV 
Electricity 

Cost Savings 

(2023 PV$) 

15-Year TDV 
Natural Gas 
Cost Savings 

(2023 PV$) 

Total 15-Year 
TDV Energy 
Cost Savings 

(2023 PV$) 

General Hardscape ï 
New Construction 

Per Square 
Foot 

$0.13 N/A $0.13 

General Hardscape ï 
Alterations 

Per Square 
Foot 

$0.13 N/A $0.13 

5.2.3 Multifamily General Hardscape Lighting Power Allowance 

The per-unit savings are averaged across all the lighting zones. The weighting used to 

average the lighting zones are presented in Table 27 below. The 2023 present value 

per-unit impacts do not vary by new construction or alterations and are presented in 

Table 28. 

Table 27: Percent of Construction Activity Per Lighting Zone 

Lighting Zone Percent of Construction 
Activity Estimate 

LZ0 0.0% 

LZ1 0.1% 

LZ2 9.9% 

LZ3 90.0% 

LZ4 0.0% 
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Table 28: Multifamily Outdoor Lighting Power Allowance 2023 Present Value TDV 
Energy Cost Savings Over 15-Year Period of Analysis ï Per Dwelling Unit ï New 
Construction and Alterations 

Building Prototype Units 15-Year TDV 
Electricity Cost 

Savings 

(2023 PV$) 

15-Year TDV 
Natural Gas 
Cost Savings 

(2023 PV$) 

Total 15-Year 
TDV Energy 
Cost Savings 

(2023 PV$) 

Low Rise Garden Dwelling Unit $115.78 N/A $115.78 

Loaded Corridor Dwelling Unit $29.94 N/A $29.94 

Mid-Rise Mixed Use Dwelling Unit $35.96 N/A $35.96 

High Rise Mixed Use Dwelling Unit $20.59 N/A $20.59 

5.3 Incremental First Cost  

Incremental first cost is the initial cost to adopt more efficient equipment or building 

practices when compared to the cost of an equivalent baseline project. Therefore, it was 

important that the Statewide CASE Team consider first costs in evaluating overall 

measure cost effectiveness. Incremental first costs are based on data available today 

and can change over time as markets evolve and professionals become familiar with 

new technology and building practices 

5.3.1 Lighting Zone Reclassification 

The Statewide CASE Team reached out to 58 different manufacturers and referenced 

distributor pricing to obtain data on the cost of currently available lighting products. The 

same lighting products were compared in LZ1 and LZ2 applications, which resulted in 

no incremental costs for the lighting zone reclassification measure. 

5.3.2 General Hardscape Lighting Power Allowance 

There are no incremental costs associated with the update to the general hardscape 

LPAs. The same LED technology is used for both the base and proposed case which 

does not result in any incremental cost. Additionally, the proposed case uses less 

equipment per square foot to achieve the new recommended light levels, which means 

costs for the proposed case are lower than the base case. The Statewide CASE Team 

compared the average system cost per square foot of each prototype building between 

the 2019 and the 2022 code cycles. Three different general hardscape sites (large, 

medium, and small parking lots) were used to verify costs as well as determine the 

typical quantity of luminaires and luminaire spacing necessary to meet IES 

recommended minimum lighting levels and uniformity while lighting each parking lot at 

various mounting heights with multiple luminaire distributions. The differences in the 

quantity of equipment necessary to meet the lighting levels in the 2019 and 2022 codes 

was used to determine the equipment cost savings between the code cycles. Fewer 
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luminaires, light poles, foundations, control equipment, wiring, and conduit is required to 

meet the lower lighting levels throughout the general hardscape areas. 

5.3.3 Multifamily Outdoor Lighting Power Allowance 

There are no incremental costs associated with the introduction of the multifamily code 

section for general hardscape LPAs. The same LED technology is used for both the 

base and proposed case which does not result in any incremental cost. Additionally, the 

proposed case uses less equipment per square foot to achieve the new recommended 

light levels as the base case, which means costs for the proposed case is lower than 

the base case.  

The same calculations that determined no additional costs occur in the Nonresidential 

LPA measure applies for this measure as the lighting equipment is generally the same 

and the application in the field are comparable. Fewer luminaires, light poles, 

foundations, control equipment, wiring, and conduit is required to meet the lower lighting 

levels throughout the general hardscape areas. 

5.4 Incremental Maintenance and Replacement Costs  

Incremental maintenance cost is the incremental cost of replacing the equipment or 

parts of the equipment, as well as periodic maintenance required to keep the equipment 

operating relative to current practices over the 15-year period of analysis.  

The nonresidential outdoor lighting for both the 2019 and 2022 code cycles use an LED 

baseline. The average end of life (L70) for LED technology is greater than the 15-year 

period of analysis. During this time period, no equipment maintenance is expected for 

any of the LED lighting since the products would still be within their life expectancy. The 

cleaning maintenance schedules would remain the same between the 2019 and 2022 

code cycles which results in no changes to incremental cleaning costs. Due to this, 

there are no anticipated maintenance costs for the nonresidential outdoor lighting 

submeasures. 

5.5 Cost Effectiveness 

These submeasures propose a prescriptive requirement. As such, a cost analysis is 

required to demonstrate that the measure is cost effective over the 15-year period of 

analysis. The Energy Commission establishes the procedures for calculating cost 

effectiveness. The Statewide CASE Team collaborated with Energy Commission staff to 

confirm that the methodology in this report is consistent with Energy Commission 

guidelines, including which costs were included in the analysis. The incremental first 

cost and incremental maintenance costs over the 15-year period of analysis were 

included. The TDV energy cost savings from electricity savings were also included in 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-LIGHT3-F | 72 

the evaluation. Design costs were not included nor were the incremental costs of code 

compliance verification.  

According to the Energy Commissionôs definitions, a measure is cost effective if the 

benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the 

cost benefits realized over 15 years by the total incremental costs, which includes 

maintenance costs for 15 years. The B/C ratio was calculated using 2023 PV costs and 

cost savings.  

Results of the per-unit cost-effectiveness analyses are presented in Table 29 and   
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Table 30 for new construction and alterations, respectively. The B/C ratio for the lighting 

zone reclassification and general hardscape LPA submeasures are infinite since the 

submeasures would save energy without any increase to the incremental costs.  

Table 29: 15-Year Cost-Effectiveness Summary Per Unit ï New Construction 

Measure Units Benefits 

TDV Energy Cost 
Savings + Other 
PV Savingsa 

(2023 PV$) 

Costs 

Total 
Incremental PV 

Costsb 

(2023 PV$) 

Benefit-to-
Cost Ratio 

Lighting Zone 
Reclassification 

Per Square 
Foot 

$0.06 $ 0 Infinite 

General 
Hardscape LPA 

Per Square 
Foot 

$0.36 $ 0 Infinite 

Multifamily LPA 

 

Per 
Dwelling 
Unit 

$36.40 $ 0 Infinite 

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost 

savings over the period of analysis (Energy + Environmental Economics 2020). Other savings are 

discounted at a real (nominal ï inflation) three percent rate. Other PV savings include incremental 

first-cost savings if proposed first cost is less than current first cost. PV maintenance cost savings 

are included if PV of proposed maintenance costs is less than PV of current maintenance costs. 

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, 

replacement, and maintenance costs over the period of analysis. Costs are discounted at a real 

(inflation-adjusted) three percent rate. Costs include incremental first cost if proposed first cost is 

greater than current first cost. Costs include PV of maintenance incremental cost if PV of proposed 

maintenance costs is greater than PV of current maintenance costs. If incremental maintenance 

cost is negative, it is treated as a positive benefit. If there are no Total Incremental PV Costs, the 

Benefit-to-Cost ratio is infinite.  

  


















































































































































































































































































































































